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Sfffl ^'''^ t° an Improved shrink film obtained by selectively controlling and optimizing the density 
differential between at least two polyolefin polymer components to provide narrow density splits. One aspect of the 

ZS,:f '° i' P^^"'^"" "^^^'"9 ''^•^"^^'^ properties and comprising a po ymer 

composrt^on, the polymer composition comprising and made from (A) a first ethylene polymer component having a 
single differentia scanning calorimetry (DSC) melting peak and a single Analytical Temperature Rising Elution Frac- 
tionation ATREF) peakand (B) aseoondethylenepolymeroomponenthaving oneormore DSC meltingpeaks wherein 
t e density differential between component(A) and component (B) is in the range from 0 to 0.03 g/cc ^^0" 
of the invention relates to an oriented shrink film having improved toughness and comprising a polymer composition 
the polymer composition comprising and made from at least one lower density, homogeneously branched ethylene 
on f 7h ^ ^"V^ ^''^^^^ ^'Sher molecular weight ethylene polymer (D) wherein the density differ- 

orielrt^ml .7 ^ r^' components is in the range of 0.001 to 0.05 g/cc. This invention also relates to a biaxial 
onentat on method of making a shnnk film having balanced properties and a method of making an oriented shrink film 
having improved toughness. ""cmcu snnnMiim 

ITkLJh!'^ ^'^^^ '^'^ '^^'l «^ '"'^"strial and retail goods, are 

to n««l ,^ 71 n Tl"^ ""^ ''"""^ f""^" ''^ "^°"°«^'a' °' '''^^'^^ oriented and are required 
to possess yanety of film attnbutes. For example, in addition to a high shrink response, for successful use in hot-fill or 
cook-in applications, shrink films must also possess a relatively high softening point 

iZt L^fe'irJ!'! " *="'"9°"^f °' shrink films - hot-blown shrink film and oriented shrink film. Hot-blown 
shrink film is made by a hot-blown simple bubble film process and, conversely, oriented shrink film is made by elaborate 

Jn^ tT T?,- '^P^ ^•■^PP^^ ""''"'e or tenter framing. Both amorphous 

F^f Z h'^ T ^""r ^'"""^ """^ "^'"9 bia-^'al orientation processes 

of th"' ^1^""^' c " ^ temperature immediately above the glass transition tem- 

Sg p^o^^^^^me" ^^"^"^'^^'^'""^ P^'f°-e<^ at a temperature below the peak 

fTln^'i'""'' ^^'k^^?^ ^?"^'^"^ P'^°'"9 ^" "^"^("^ « (or sleeve) fabricated from a heat shrink 

and int hea sealing the bag, and thereafter exposing the bag to sufficient heat to cause shrinking of the 

bag and intimate contact between the bag and item. The heat that induces shrinkage can be provided by conventional 
heat sources, such as heated air, infrared radiation, hot water, hot oil, combustion flames or the like Heat shrS 
^^TJUZlT ^'.^'^"'^ '^yS'^"''^' ^""^ aH^^^ closer Inspection of the quality of 

Ind'h/r? H T "'^'^""^ °' S^""^^- '"'^i'^'^ alternatively referred to7n the art 

and he e n as mdustnal and retail bundling, preserves product cleanliness and also is a convenient means of bundling 
and collating for accounting and transporting purposes. ounaimg 
[0005] The biaxial heat-shrink response of shrink film Is obtained by initially stretching fabricated film to an extent 
everal times rts ong^al dimensions in both the machine and transverse dir Jions to orient the film. T e tretehi^g s 

e L and dece'^^^^^^^^^^ °' '° 

imt Joh H ^ ^ ^ '^"""^ ^^-^P^^ature, the oriented film can return essentially back to its original 

unstretched dimensions, i.e., to shrink relative to Its stretched dimension 

SLe!s VhT"olSnt7'"'°^'"^''^^ °' ''""^ ^""^•^'^ P~P^^'^« and fabrication 

parameters The onentation window depends upon the broadness of the resin melting range and as such relates 

1 . f ^""^ '""'^'"9 (^ 9- heterogeneously branched ultra low density 

polyethylene resins such as ATTANEtm resins supplied by The Dow Chemical Company) exhibit a wide oriental 

tTibutlTnTnaTr '° "T"' "^'r '''''''''''' ^^^^ a narrow short rairbr^ncS Sis 
tribution and narrow melting range (e.g., homogeneously branched linear ethylene polymers such as EXCEED™ and 

EXACTTM resins supplied by Exxon Chemical Corporation). 

S.- ^^""^^^^ ''^P^"'*^ °" ^"^ "I'" ^^"^^ty- shrinkage is decreased as the 

ZVf u IT'^^'^ '"'''^^'^'^ ^° ^'^""^ P''"' sf^rinkage is increased at lower density (lower 

cry tallinity) because crystallites provide topological constraints and, as such, hinder free shrinkage. ConveXely to 
ronnT IZ, 1°' '^"P^"^" °" crystallinity of the resin at the orientation temperature 

[0008] While the temperature at which a particular polymer Is sufficiently soft or molten is a critical factor in various 

various polymer types (which invanably have varying polymer crystallinities and melting points), simply do not define 
wo Q^^m^oo r '^'"P^^atures used for the reported comparisons. US Patent 4,863,769 to Lustig et al., 

WO 95/00333 to Eckstein et a!., and WO 94/07954 to Garza et al. are two examples of such disclosures 
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nH nther desired shrink film properties such 

herein by '^'^'^'''^■^^^l^'^ZL^^ and improved impact resistance Ho^^^^^J^J^^;^, ^al rules of thumb 
films will show a higher shn^^^^^^^^^ 
resin properties on the orientation temp 

temperature, in the case otamorpno . r „n temoerature of polyolefins 

polymers. ^ ^ . .j,., „cin properties on the optimum orientation i • 

foo'iO] Whilethee«ec^o ens^^^^^^^^^ 

mmmmi 

orientation process as to Stretching te v „„int of stretching should be 

and Example 39 W 15- f ^s^^^ orientation rates increas-/^^^^^^^^ , J^,, 
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branched linear ethylene/a-oieun .^.k-^ , .^^^^^^^ .^wer ^a^etui study of the Ex- 

and Example 39 at pages ^^''^•'^l^J^^^^^ orientation rates gg^oBAAl indicate for the 

tares, and (3) as J^^^^^^^^^^^^^^^^ fo; the interpo^mers reported on in WO ^ ° 44 ^^^^^^^ 

balanced properties is obtainable. 
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[0014J Other disclosures that setforth orientation information renarHin„ h-, 
yetdonotspecifyorientationcondrtionsrelativetotheZ^tstS^^^ 

for balanced shrink film properties) include EP 0 600425Ano Sol '^^ 'P"'''"^ requirements 

[0015] Although several film compositions have bSn d 11^'; n"^^^^ ^"^.^^ ° A2 to Babrowic^ et ai. 

film and oriented shrink film applications, these disclosures ?S., „n . ' "^'"3 """^ shrink 

prepared by either method. However, in adi aTg "h^r^^^^^^^^^ ""''^ ' ^''^-^ -sponse when 

important properties such as, for example relativelv hioh .nrnin ' """^^ P°^^^^^ « """^^er of 

suitable for use in hot-fill applications £^0^ ^^ and improved modulus that are particular^ 

aging of sharp items such as, for example, hardwa^ gZs and'S^^j'"''"^ 1°'""" ""^'"'^'"^ ^^rink pack- 
abuse or toughness properties. While the art is replete wSh SluTlin t ' T 9°°^^ 

a^"rp~^^^^^ 

conditions as a function of polymer type and more imoor^antX Zr! '"f°""«t,on as to optimum orientation 
optimized Shrink responses, wide orieltion wiZw h '° ''^'^-^^ °^ 

an object of the present invention to provide an improved shrink fl w^hl ^ '"^ temperatures. As such, it is 
orientation window and, for a given modulus or ooZer Inl ^ « '"axim.zed shrink response, an increased 
Object Of the present Invention'to provide a shr nk^^^^^^^^^ ""'"'"^ '^-Perature. It is also an 

object of the invention is to provide a method of ma narorie ?^^^^^^^^^ ^'^^^^^ 
ness properties. Another ob^ct of the inventln is toSv^r^^^^^^^^ '""'"^ '^'^""^^"^ '^^^'"^^""^ ^"<^ 

heat-shrink and toughness properties Wherein he Sod in^^^^^ 

and other objects will becorne apparent rom the dlTed d^^^^^^^ "^^^^^ 
[0017] in accordance with the present nv^JS^n te^^^^^^^^ «"^b°diments that follow 

at least two ethylene polymers, whereTn t e deS d^e^^^^^^^^^^^ T ^ compos^n comprised of 

lectively controlled and optimized, a sTb tanS l!v^^^^^^^^^^ '''^'""^ ^"'^'"^^ components is se- 

balanced properties, i.e., a high sh rink^esTonse a Ze orient T '""^''"^ ^^"""^ ^ill have 

We have also discovered tha?where thrpovr^i^^^^^^^^^ 

ethylene polymer component which is chaSri.lT k^^ further defined as comprising a higher density second 
density first ethylene polymer comjone^^^^^ ^J'^^^ ^° 9-«ter than the lower 

improved filmtoughness. '""^ ''^ '^'^^^actenzed as having a high shrink response and 

-n accordance with ASTM D-792. and as coSg idTade ' " ^""^ '° ° ^'^^ '^^'^^'^'^ 

polymer^ha^l^^^^^ 

a u.B/ (g/cc) to 0.93 g/cc. as detenmined in accordance with ASTIW D-792, and 
a u.aa (g/cc) to 0.96 g/cc. as determined in accordance with ASTIVI D-792 
with ASTM D-792. ana compnsing M ma* J:" (9'"=) '» » =4 Q/cc, as dalamlnad in accortanca 

i^i^T.r.STa^rvir'""""'"""''""* 
c:atraizirr.rrnrni;?^^^^^^^^ *.a„.^., 

(ii) a density in the range of 0 87 (a/cc) to n q':i J, . ... 

y u.o/ tg/ccj to 0.93 g/cc. as determined in accordance with ASTM D-792. and 
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u M th. mtal weiqht of the polymer composition, of at least one second 
(B) from 20 to 80 weight percent, based on the total weigm h 
ethylene polymer characterized as having 

strained geometry catalyst system and is characterized as having. 

ethylene polymer characterized as having: 

one or more melting peaKs, as deterr^inedusin^^^^^^^^^^^^^ 

(S a density in the range of from 0.89 (g/cc) to 0.96 g/cc. 
Wherein thedensitydi«erentia,hetween.e.r.a^^^^^^^^^^^^^^ 

Lsiwhlletyplcallylowerdensitlesarerec,u.redorsu^ 

shrink film also shows a comparatively ^^.'^^^^^ ^^^^^^^^^ where the shrink response is Improved. Spe- 

ethylene alpha-olefin interpoiymer softening ^^"^P^^'^'^^"" ^/^^^^^^^ equivalent or higher softening temperature 
clflcally, the inventive shrink film exhibits f "^P^'^'^f V J' ^^3;^;^^^^^^^^^ higher shrinkage perfomiance. 
whereas for prior art materials, softening temperatures must be decreasea s ^^^^^ toughness when 

S AS another unexpected result, the present inventive o^^^^^^Xlt^e bubbSe orientation) relative to 
Lxia ly oriented using an elaborate orientation ^^^^^ '^^'^XZ pres..^ invention Is surprising in that t e 

comparative films made from similar P°J'7«^ ..^'^ W^^^^ 

inventive fllmhassuperior oriented shrink .imtoughess^^^^^^^^^^^ 

by having a lower molecular weight «"d^higher densiW- ^^^^ ,^ ,3,^ ^ ,evel of shrink film 

r00231 The toughness performance of the inventive '"J^^^ interpolymers such as, 

Kness that is ordinarily obtainable with ^^'^1°^'''°^^^^'^^^^^ The excellent toughness of the 

0 example DOWLEX- LLDPE resins available from The Dow ^ "^^^^^^^^^ Lerpo^mers is considered to be 

inventive film in comparison to •^^terogeneous y br^^^^^^^^^^ ..^^^^ ^,,y„„3 polymer. Tha -s 
particular^, surprising where the at least ""/'"^^^f ^^^^^^ (as well as for the Invention disclosed by La, et 

the excellent i^^Paot or toughness properties oUhe presenH ^ ^^^^ e 
al. in US Patent Numbers 5,272,236 and 5,278^^^2) ^ gg, pp. 33.34) which suggest inferior 
■■Enhanced Metallocene PE Terpolymers are Unveiled, 

toughness properties should be ^^'^ ^^^^^^^^^^^^^^^ unrestrained shrink performance, the 
[0024] While the present invention allows practitioners 
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beneMs of this invention are particularly useful forthose common commercial instances where the orientation temnor 

aturecapabH.tiesofthe stretchlngoperationareessentially fixed. That is.byprovidingani^eL^^^^^ 

a film composition that could not be successfully stretched at all within a given equipZt cTaSiST™^^^ 

00251 FIG 1 -f Th ; nc J" "'"^^^ °^ ^"^^^hness properties In both instances 

[0025] FIG. 1 ,s a first heat DSC curve illustrating the residual crystalllnity portion of a heteroaeneouslv br^nnhPH 

I n 017 / T Temperature Rising Elutlon Fractionation (ATREF) curve of EXCEED- ECD 301 resin 

f , T ^ ^''""^ "'^^^^ ^"'^ lOS-C in hot oil versus polymer comoositlon 

density for Examples 1 0 and 1 1 and comparative examples 15-17 composition 

I'Zet^luorl!^^^^^^^^ P^') '''''' P^'y-^^^ ^°"'P°^^'°" ^«n«ity grams/cubic 

centimeter) for Examples 1 0 and 1 1 and comparative examples 13-18 

[0031] "Stretched" and "oriented" are used in the art and herein interchangeably, although orientation is actuallv the 

[0033 Practitioners will appreciate that to maximize the stretch Imparted and therefore the shrink resoonse th^ 
;"d ^iXr "'"^"^"^^ "^^^-^P^""- ^ ^^''-^ combLtion'oJStcJinI 

Siox^rtr^rp:::^^^^^^^^^^^^ 
sfrat:;rsrc~^^ 

Sn? r " r'"'' "^'"'"'"9 temperature andThe tempSu e of complete 

detSinZ' ' ' '"''"'^"^ •'^^ °' by 292 Joules/gram. ?hrheat of fu^olt 

detemiined by computer integration of the partial area using Perkin-Elmer PC Series Software Version sT a Ixamp le 
of the residual crystall.nity determination and calculation is shown in FIG 1 ^ 
Sc/? "s'^rink control layer" is used herein to refer to the film layer that provides or controls the shrink 

e t'hef imfts" ! ^uftiL ? h ' ^^^'^^""^ shrink "om o ^ 

the film Itself. In a multilayer heat shrink film, the shrink control layer is typically the core or an inside film layer and 
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is typically the thickest film layer. See. for example. 95/0844 V ^^^^^^ orientation 

toSio] TUe term "substantially unoriented the fabrication step, in itself. Is not 

Is usually imparted to a film during -J^^^^^ ^^^^^^^^ shrink response. The present invention is 

used to impart the degree of orientation f ^^^^^^^^^ orientation steps are separable (e.g.. tenter 

in a typical ATREF cun,e is not considered to be ATRE^e^^^^^ ^^^w ^^^^^^ characterized as having 
temperature of about 20=C Is a purge P°'^'°"/"^ ^^^.t 57 b-c. Terrperature rising elution fractionation 

a single ATREF peak which peaks at an elution ^mperature of^out 5^ p "fingerprint" or Identify the 

(TREF) techniques such as that described, for example, by Wild et al. can 

inventive polymer composition and °^:e"|f„^^ s.*^""^^'';;', ^gTM D-1238 melt Index of the polymer components 
[0042] By "Independently characterized" it is meant that the Ab 1 ni u 

is incorporated herein by reference.The tern, ^^^^^^^^^^ substantially all of the polymer 

the comonomer is randomly distributed wrthin a given P^'y^^J ^ ' r ra'o As defined herein, both substantially linear 
molecules have substantially the same e*ylene to ^'^^""'^^^^^^^^ ethylene polymers, 

ethylene polymers and homogeneously branched ''"ff ^'f"; '^^,;°^eL^ polymery that possess short chain 
[0045] Homogeneously branched ethylene P«^'y^^/^^«^;;°';;^^^^^^^^^ index (SCBDl) or relatlveh^ 

branches and that are characterized by a -'^ ^^Vj^^^^^^^^^ t et^n^^^^^^^^^^ has a CDBI greater than or equal 
high composition distribution branching index WTh^^^^ 

and preferably, no measurable high density fraction. molecules having a comonomer content within 50 

[0046] The CDBI is defined as the weight percent of /"'^^'Tf^^^ , °' comonomer distribution in 

percent of the median total molar comonomer content an^jePje^^^^^^^^ comp^^^^^^ ^^^^ .^^ 

the poKrmer to the comonomer distribution expected for a Bernou Han d^iriDuu temperature rising 

rnv^ltlycalculatedfromdataobtalned.^^^^^^^^^^ 

elution fractionation (abbrevi^ed ^^e;-" «^ > cadJ ^he Role of Comonomer Type and Distribution in LLDPE 

Rdance. Polv.Phvs.Ed. . Vol. 20, p. 441 (1982), L D. Cady, 1 ne ^^.^^ ^^^^^^^ ^.2, pp. 

Product Perfomiance," 5PE ^^^^^^ J'^'l'^t^^^^S^^^^^^^ ?322 728; the disclosures of all of which are 
107-119 (1985), or in US Patent Numbers ^'^^ '^f does not Include purge quantities in the 

incorporated herein by reference. However, the P^f ^^^^JJ"^^^^^^^^^^ and CDBI are detemiined using "C 

CDBI calculations. More preferably. »':^'=°™"°"'J,2t^e^^^^^^^^ Patent Number 5,292,845 and by J.C. 

NMR analysis in accordance with techniques descnbed for example, 

Randall In Rev. Macromol. Chem. Phys.. C29, pp. 201-31^_ "homogeneously branched linear ethyl- 

[0047] The te^s "homogeneously branched ''"^^-^^^l-f^/ branching distribution (i.e., 
ene/a-olefin polymer" means that the olefin polymer has a J°"^X^n "Jnchr That Is, the linear ethylene polymer 
the polymer has a relatively high CDBI) but does not Homogeneously branched 

is a'hoLgeneous ethylene polymer charactenzed by an^^^^^^^^^^^^^^ U.S. Patent 

linear ethylene polymers can be made using P"^'";"^^ '°" ^^^^^^^^ T homogeneously branched). In his polym- 
3,645,992) which provide a uniform short chain ''^^"^svl"^^^^^ such polymers however others, such as 
e ization process. Elston uses soluble vanadium -^.^J'y^^^y^'^^Vave reportedly used so-called single sfte catalyst 
Mitsui Petrochemical Industries and Exxon Chem.cal CoW^^^^^^^ ^.^^^^ U.S. Patent 

systems te make polymers ^--■^-^^l^^^^^^'l^^^^ J a disclose the use of metallocene catalysts, such 

4,937,299 to Ewen et al. and ^ Paten 5 2 B.omo M e^^^^^^^^^^ ^^^^^^^^ ^.^^^^ ^^^^^^^^ ^ 

foS^S^-;:— 

tlon, of approximately 2. . ^^^.pri ethvlene polymer- or "homogeneously branched linear ethylene/ 

[0048] The tenns "homogeneous linearly branched ethylene poiyme 
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a-olefin polymef do not refer to high pressure branched polyethylene which Is known to those skilled in the art to have 
numerous long chain branches. A homogeneously branched linear ethylene/a-olefin interpolymer possesses short 

chain branching and the a-olef in is typically at least one Cg^^^o a-olefin {e.g, , propylene J -butene J -pen^ 
1-pentene, 1-hexene, and 1-octene). ^ 

[0049] When used herein in reference to an ethylene homopolymer (i.e. , a high density ethylene polymer not con- 
taining any como.nomer and thus having no short chain branches), the tenn "homogeneous ethylene polymer" or "ho- 
mogeneous linear ethylene polymer" means the polymer was made using a so-called homogeneous catalyst system 

J'Sfi 7QB T^T^:,oo^ "^'^"''^'^ ^""^^ °' "^^^"'^^"^ ^amch m U.S. Patent Numbers 

5,026,798 and 5,055,438. or by Stevens et al. in U.S. Patent Number 5,064,802 

[0050] The term "substantial iy linear ethylene polymer" is used herein to refer specially to homogeneously branched 
ethylene polyniers that have long chain branching. The term does not refer to heterogeneously or homogeneously 
branched ethylene polymers that have a linear polymer backbone. 

[0051] For substantially linear ethylene polymers, the long chain branches have the same comonomer distribution 
as the polymer backbone, and the long chain branches can be as long as about the same length as the length of the 
polymer backbone to which they are attached. The substantially linear ethylene polymers used in the present invention 
have from 0.01 long chain branches/1 000 carbons to 3 long chain branches/1 000 carbons, more preferably from 0 01 
long chain branches/1 000 carbons to about 1 long chain branches/1000 carbons, and especially from 0.05 long chain 
branches/1000 carbons to llong chain branches/1000 carbons. 

[0052] Long chain branching is defined herein as a chain length of at least 6 carbons, above which the length cannot 
be d stinguished using 13C nuclear magnetic resonance spectroscopy. Long chain branches are obviously of greater 
length than of short chain branches resulting from comonomer incorporation. 

[0053] The presence of long chain branching can be determined in ethylene homopolymers by using i3c nuclear 
r^!TpJ!^^To^VT^^ spectroscopy and is quantified using the method described by Randall ( Rev. Macromol. 

Pl^y^- C29, V. 2&3, p. 285-297), the disclosure of which is incorporated herein by reference 

[0054] Although conventional i3c nuclear magnetic resonance spectroscopy cannot detemiine the length of a long 

innTi'^" K r^"" ^'"""^^ '^^'^ "^""^^ techniques useful for detemiining the presence oi 

long Cham branches in ethylene polymers, including ethylene/1 -octene interpolymers. Two such methods are qei per- 
meation chrornatography coupled with a low angle laser light scattering detector (GPC-LALLS) and gel pen^eation 

branch detection and the underlying theories have been well documented in the literature. See, e.g., Zimm G H and 

SrSJ^. ■ v^^To^I^r' Rudin, A.. Modem Methods of Polvmer nh.r»nt.H.^H»n .^h. 
Wiley & Sons, New York (1991) pp. 103-112. ■ 

In^rir ■ T^T. ^"'^ ^^^"^ °f '^'"^ ^^^"^'^3' company, at the October 4. 1 994 confer- 

ence of the Federation of Analytical Chemistry and Spectroscopy Society (FACSS) in St. Louis, Missouri presented 

ally inear ethylene polymers. In particular. deGroot and Chum foundthat the level of long chain branches in substan- 
la ly linear ethylene homopolymer samples measured using the Zimm-Stockmayer equation correlated well with the 
level of long Cham branches measured using 13c NMR. 

fh"?^^'' ''^^T ^"'^ ^^""^ '"""'^ "'^^ P'^'^"'^ °' change the hydrodynamic volume of 

nrlTTTT^T^ I weight increase attributable to 
mnL. ,f ^""""'"^ P^'^®"^ s^-^P'e- By deconvoluting the contribution to 

molecular weight increase attributable to 1-octene short chain branches, deGroot and Chum showed that GPC-DV 

mn«f "^^1^° ""^"^"^ °^ '^^'^'n branches in substantially linear ethylene/octene copolymers 

K i , ^^""^ ^^"^^ ^ P'°^ °^ "-"SCz. melt index) as a function of Log(GPC Weight Average 

ilo V''^''^'' ''V '^PC-DV illustrates that the long chain branching aspect? (but not t'he exJent of 

long branching) of substantially linear ethylene polymers are comparable to that of high pressure, highly branched low 
density polyethylene (LDPE) and are clearly distinct from ethylene polymers produced using Ziegler type catalyst! 
rnnLf '=°'^P'«''es and ordinary homogeneous catalysts such as hafnium and vanadium complexes 

«. ? , For substantially linear ethylene polymers, the long chain branch is longer than the short chain branch that 
results from the incorporation of the a-olefin(s) into the polymer backbone. The empirical effect of the presence of long 

chambranchinginthesubstantialiylinearethylenepolymersusedintheinventionismanifested as improved rheoiogical 
proper^es. The improved rheoiogical properties of substantially linear ethylene polymers can be quantified and ex- 
r^nn^«? cf '^""^ °' extrusion rheometry (GER) results and/or melt flow, increases 
I Q i . ""ear ethylene polymers are homogeneously branched ethylene polymers and are disclosed in 

U.S. Patent 5.272,236 and U.S. Patent 5,278,272. Homogeneously branched substantially linear ethylene polymers 
can be prepared via the continuous solution, slurry, or gas phase polymerization of ethylene and at least one optional 
a-olefin coriionomer in the presence of a constrained geometry catalyst, such as the method disclosed in European 
Patent Application 416,815-A, which is incorporated herein by reference. The polymerization can generally be per- 
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in regards to a polymer composition comprised of muitiple '^^P^^ /^^^^^^ , ...^ chain branching distribu- 
[00611 Heterogeneously branched ethylene polymers are ^^^^^"^^^^^^^^^ 50 percent. Heterogeneously 

ethylene polymer component is a homogeneously branched ^'^'f /"'^'^fJJ^';^ ,3 ^ Lterogeneously 

(A) and the at least one second ethylene polymer '=°'^P°"^"^„S J'^' ''^li,,^^^^^^^^ 

0.88 to 0.92 glcc (as measumd In accortmic. will. ASTM J^5„,ed i„ aocordanc win. 

t0«91 Th. second e.mp«>ent pol,r,=r (B) 0, >h, P»'V™J«»P« «• "y^^^^^rndodo 
polymer and the second componcnl polymor (B) is a ™'"°S="~"";„„„„„, ,,, j„, „ i„„„ved melt onruslon 

:zsrj;r:r,rmrrp=^^^^^ 

rirss^rronCrssr^^:^^^ 
rr:jCa?tri::s:r^'^^^^^^^^^^^^^ 
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to polymer components (A) and (B), It Is meant that the I2 melt Index of polymer component (A) is not necessarily the 
same as the Ig melt Index of polymer component (B), although it can be. 

J*"® " •'y"'®' component (A) has an Ig melt Index In the range of from greater than or equal to 

0.01 g/1 0 minutes to less than or equal to 50 g/1 0 minutes, preferably from greater than or equal to 0 05 g/1 0 minutes 
to less than or equal to 20 g/10 minutes, most preferably from greater than or equal to 0.5 g/10 minutes to less than 
or equal to 1 0 g/1 0 minutes. 

[0072] The second ethylene polymer component (B) may have an lameltindexintherangeof fromO 01 g/10 minutes 
to 1 00 g/1 0 minutes, preferably from 0.05 g/1 0 minutes to 50 g/1 0 minutes, more preferably from 0.1 g/1 0 minutes to 
20 g/10 minutes, and most preferably from 0.5 g/10 minutes to 1 0 g/10 minutes. 

[0073J The overall melt index of the polymer composition based on polymer components (A) and (B) Is preferably in 
the range of from 0.1 to 5 g/10 minutes, more preferably from 0.5 to4 g/10 minutes. 

[0074J Other measurements useful in characterizing the molecular weight of substantially linear ethylen interpoly- 
mers and homopolymers involve melt index determinations with higher weights, such as, for common example ASTM 
D-1238. Condition 190°C/10 kg (formerly known as "Condition N" and also known as l,o). The ratio of a higher weight 
melt index determination to a lower weight determination is known as a melt flow ratio, and for measured l,o and the 
I2 melt index values the melt flow ratio Is conveniently designated as I^q/Iz. For the substantially linear ethylene polymers 
used to prepare the films of the present invention, the melt flow ratio indicates the degree of long chain branching I 
e.. the higher the l^o/la melt flow ratio, the more long chain branching in the polymer. In addition to being indicative of 
more long chain branching, higher Ik/Iz ratios are also Indlcativeof lower viscosity at highershearrates (easier process- 
ing) and higher extensional viscosity. 

[0075] In general, the at least one first ethylene polymer component (A) has an Iiq/Iz melt flow ratio greater than 6 
preferably from greater than 7, more preferably greater than 8. and most preferably in the range of from 8 5 to 2o' 
Embodiments that meet the specified density differential and have an melt flow ratio greaterthan 8 are particularly 
preferred embodiments of the present Invention. Embodiments that meet the specified density differential and have 
an I10/I2 melt flow ratio greater than 8 are a particularly preferred embodiment of the present invention 
[0076] The first ethylene polymer component (A) generally constitutes from 20 to 80 weight percent of the polymer 
composition, based on the total weight of the polymer composition and preferably from 30 to 70 weight percent of the 
polymer composition, basedon thetotal weight of the polymercomposition. Conversely, the polymer composition used 
m the present invention comprises from 20 to 80 weight percent and preferably from 30 to 70 weight percent of the at 
least one second ethylene polymer component (B). based on the total weight of the polymer composition 
[0077] Suitable ethylene polymers for use as the second component polymer (B) include substantially linear ethylene 
interpolymers, homogeneously branched linear ethylene interpolymers, heterogeneously branched linear ethylene in- 
terpolymers (e.g., linear low density polyethylene (LLDPE). medium density polyethylene (MOPE), high density poly- 
ethylene (HOPE) and ultra low or very low density polyethylene (ULDPE or VLDPE)), and combinations or mixtures 
thereof. 

i^??' ^^^^^ °^ '^^ invention that provides improved toughness, the at least one second polymer component 

(D) has density higher than the at least one first polymer component (C). The density differential between the at least 
one first ethylene polymer component (C) and the at least one second ethylene polymer component (D) Is generally 
in the range of from 0.001 to 0.05 g/cc. preferably in the range of from 0.01 to 0.05 g/cc, more preferably in the range 
of from 0.01 to 0.03 g/cc, as measured in accordance with ASTM D-792. 

[0079] Like the aspect described above, a percent DSC crystallinity may also be used to characterize the at least 
one first ethylene polymer component (C) and the at least one second ethylene polymer component (D) That is the 
percent DSC crystallinity differential between the at least one first ethylene polymer component (C) and the at least 
one second ethylene polymer component (D) is general^ in the range of from 1 to 23%, preferably In the range of from 
7 to 20%, more preferably in the range of from 1 0 to 1 8%. 

[0080] The first ethylene polymer component (C) has a density in the range of from 0.87 to 0.93 g/cc. preferably from 
0.B8 to 0.92 g/cc (as measured in accordance with ASTM D-792). The second ethylene polymer component (D) has 
ACTrfn^J«o\ Zt"?® °' ''""^ ° '° Preferably from 0,90 to 0,94 g/cc (as measured In accordance with 

ASTM D-792). Additionally, the density of the at least one first ethylene polymer component (C) is lowerthan the density 
of the at least one second ethylene polymer component (D). 

[0081] The density of the Inventive polymercomposition (I.e., the combination of component (C) and component (D)) 
IS generally in the range of from 0.88 to 0.94 g/cc, preferably in the range of from 0.89 to 0.93 g/cc, more preferably 
in the range of from 0.90 to 0.93 g/cc, and most preferably in the range of from 0.90 to 0.92 g/cc (as measured in 
accordance with ASTM D-792). a * bu 

[0082] The first ethylene polymer component of the inventive polymer composition, Component (C), is at least one 
ethylene polymer having one or more DSC melting peak. However, preferably, the at least one first ethylene polymer 
wi I have a single DSC melting peak or a single ATREF peak, and more preferably, the least one first ethylene polymer 
(C) will have both a single DSC melting peak and a single ATREF peak. The second component polymer of the polymer 
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composition is at least one ethylene polymer having one or more DSC melting peaks. ^cxMn ioq« 

[00^1 Polymer component (C) and pofymer component (D) will be independently charactenzed by an ASTM 0-1238 
rneftlndex Jth the at least one second ethylene polymer (D) having a molecular weight equal to or greater than the 

0 0.0 g/10 minutes to less than or equal to 100 g/10 minutes, preferably from greater ^^^^^ '^^J^^^o OX.^^^^^^^^^ 
minutes to less than or equal to 50 g/10 minutes, more preferably from greater than or equal to 0.1 g/10 m.nutes to 
less than or equal to 1 0 g/10 minutes and most preferably from 0,5 g/10 minutes to 5 g/10 minutes. 
0085] Thesecondethylenepolymercomponent(D)canhaveanl2meltindexintherangeoffrom0.01g^^ 
to 10 g/10 minutes, preferably from 0.05 g/10 minutes to 5 g/10 minutes, more preferably from 0.05 g/10 m.nutes to 
1 0 g/1 0 minutes, and most preferably from 0.01 g/1 0 minutes to 1 g/1 0 minutes. „„f«,«hi« 
[0086] The melt index of the inventive polymer composition based on polymer components (C) and (D 's Preferably 
!n the range of from 0.01 to 1 0 g/1 0 minutes, more preferably from 0.1 to 4 g/10 minutes, most preferably from 0,2 to 

Jo^wT'^tn genrraUhe at least one first ethylene polymer component (C) has an WI2 melt flow ratio greater than 5 
preferably from greater than 7. more preferably greater than 8. and most preferably in the range of from 8.5 to 20. For 
the inventive polymer composition itself, the melt flow ratio is preferably greater than 7. 
0088] The polymer composition used for the second aspect of the Invention generally compnses or ,s made from 
from 20 to 80 weight percent of the at least one first ethylene polymer component (C), based on the total weight of the 
polymer composition, and preferably from 30 to 70 weight percent of theat least one ethylene polymer component (C), 

based on the total weiqht of the polymer composition. 

0089] con ersely, L inventive polymer composition comprises or is made from from 20 to ^0 w« J^^^^^^^^^^^ 
prefe-Bbly from 30 to 70 weightpercent of the at least one secondethylene polymer component (D),based on the total 

Si °'rdrir^pS^me"rs for use as the at least one first ethylene polymer (C), include homogeneousjy 
Lnc ed substantially linear ethylene polymers and homogeneously branched linear ^^hVlene polymer ^That 
ytene polymers characterized as having a SCBDi or CDBI greaterthan 50 percent are broadly ^^^P/^^^^^^^^ 
Lention'as the at least one first ethylene polymer. As described and incorporated ^^^.^^^a'a sraWeS^^^^^^^ 
be manufactured using a single catalyst system {e.g., a metallocene catalysts system including a surtable coca^^st), 
however, preferably such polymers are manufactured using a constrained geometry system including a surtable co- 

catalyst such as, for example, a boron compound. ^« o..Kotantiaiix/ 

[0091] suitable ethylene polymers for use as the at least one second component polymer (D) ^"''^tant.a^^^ 
near ethylene interpoiymers, homogeneously branched linear ethylene interpolymers, ^^f 

ear ethylene interpolymers (e.g.. linear low density polyethylene (LLDPE). "^^Jum density polyethylen^ SinatJ^fs 
density polyethylene (HOPE) and ultra low or very low density polyethylene (ULDPE or VLDPE)), and combinations 

?00927?urstantially linear ethylene po^mers are sold under the designation of AFFINITY™ and ENGAGJJ re^ns 
by The DOW Chemical Company and Dupont Dow Elastomers, respectively. Suitable homogeneously branched me 
ethylenepolymersforuseintheinventionaresoldunderthedesignationofTAFMER-byMsuiC^^^^^^^^^^^ 

and under the designation of EXACr- and EXCEED™ resins by Exxon Chemical C°^°'^^'°",:Xio2nr<^^^ A^ 
heterogeneously branched linear ethylene polymers for use in the invention ""J^J^^J-'l'^X^^^^^ 
TANE™ and DOWLEX™ by The Dow Chemical Company and under the designation of FLEXOMER by Union Carbide 

Preferably the at least one first ethylene polymer component (A) or (C) Is ^^^^''f J ''"^^^^^^^^^^ 
Uerandtheatleast one secondcomponent polymer (B)or(D)isaheterogeneouslybranchedlineare^^^^^^ 

As such, when the inventive composition is manufactured using a multiple reactor poiymenza ion system preferably 
the at least one first ethylene polymer component (A) or (C) is made using a catalyst system, P^^J^^^^"^^^^^^^ 
and the like that will make a substantialV linear ethylene polymer in at least one of the reactors ' ^ew^e Ije 
least one second ethylene polymer component (B) or (D) is made using a catalyst ^V^tem' polymenzation condr^^^^^ 
and the like that will make a heterogeneously branched linear polymer in at least one other reactor of the multiple 

[oOmT ' SuSantially linear ethylene polymers are preferred as the first ethylene polymer component W. 

due to their improved melt extrusion processability and unique rheological properties as descnbed by Lai et. al m US 

raogsi ^The^sfbsSLlfylinea^^^^ polymers used in the present Invention are not in the same class as horno- 
geneously branched linear ethylene polymers, nor heterogeneously branched linear ethylene P"')""^^^' ^^.^ ^.J"^ . 
stant°X linear ethylene polymers in the same class as traditional highly branched high pressure, t/^^-radicai initiated 
fow density polyethylene (LDPE). The substantially linear ethylene polymers useful in the present invention have ex- 
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cellent processability. even though they have relatively narrow molecular weight distributions (MWDs), Uniquely, the 
mett flow ratio (tio^la) of ^^e substantially linear ethylene polymers can be varied essentially independently of the poly- 
dispersity index (i.e., molecular weight distribution (M^M^)). This is contrasted with conventional heterogeneously 
branched linear polyethylene resins which have rheological properties such that as the polydispersity index increases, 
the lij/lg value also increases. The rheological properties of substantially linear ethylene polymers also differ from 
homogeneously branched linear ethylene polymers which have relatively low, essentially fixed \^^\2 ratios, 
[0096] Single site polymerization catalyst (e.g., the monocyclo-pentadienyl transition metal olefin polymerization cat- 
alysts described by Canich in US Patent Number 5.026,798 or by Canich in US Patent Number 5,055,438) or con- 
strained geometry catalysts (e.g., as described by Stevens et al. in US Patent 5,064,802) can be used to prepare 
substantially linear ethylene polymers, so long as the catalysts are used consistent with the methods described in US 
Patent Numbers 5,272,236 and 5,278,272. Such polymerization methods are also described in PCT/US 92/0881 2 {filed 
October 15,1992). However, substantially linear ethylene polymers suitable for use in the present invention are pref- 
erably made by using suitable constrained geometry catalysts, especially constrained geometry catalysts as disclosed 
in US Patent Number 5,132.308. 

[0097] Suitable cocatalysts for use herein include but are not limited to. for example, polymeric or oligomeric alumi- 
noxanes, especially methyl aluminoxane or modified methyl aluminoxane (made, e.g., as described in US Patent Num- 
bers: 5,041.584; 4,544,762; 5,015,749; and 5,041,585) as well as inert, compatible, non-coordinating, ion forming 
compounds. Preferred cocatalysts are inert, non-coordinating, boron compounds. 

[0098] The polymerization conditions for manufacturing substantially linear ethylene interpolymers useful in the 
present invention are preferably those useful in a low pressure continuous solution polymerization process, although 
the application of the present invention is not limited thereto. Continuous high pressure solution polymerization, con- 
tinuous slurry polymerization and continuous gas phase polymerization processes can also be used, provided the 
proper catalysts and polymerization conditions are also employed. To polymerize the substantially liriear polymers 
useful in the present invention, the single site and constrained geometry catalysts mentioned earlier can be used; 
however, for substantially linear ethylene polymers, the polymerization process should be operated such that substan- 
tially linear ethylene polymers are indeed fomned. That is, not all polymerization processes and conditions inherently 
make substantially linear ethylene polymers, even when proper catalysts are used. For example, in one embodiment 
of a polymerization process useful for manufacturing substantially linear ethylene polymers, a continuous solution 
process is used, as opposed to a batch solution process. 

[0099] Generally, manipulation of {^q/I^ while holding M^IVI„ relatively low when manufacturing substantially linear 
ethylene polymers with constrained geometry catalysts is a function of reactor temperature and/or ethylene concen- 
tration. Reduced ethylene concentrations and higher reactor temperatures generally produce higher l^o/lg ratios as 
well as higher mett strength values. Generally, as the ethylene concentration in the reactor decreases, the polymer 
concentration in the reactor increases. Forthe substantially linear ethylene polymers useful in the inventiori , the polymer 
concentration for a continuous solution polymerization process is preferably above 5 weight percent of the reactor 
contents, especially above 6 weight percent of the reactor contents. If a narrow molecular weight distribution polymer 
(My/Mn of from 1 .5 to 2.5) having a higher I^o/la ratio (e.g. l^^/lg of 7 or more, preferably at least 8, especially at least 
9) is desired, the ethylene concentration in the reactor is preferably not more than 8 percent by weight of the reactor 
contents, especially not more than 6 percent by weight of the reactor contents, and most especially not more than 4 
percentby weight of the reactor contents. Generally, the polymerization reactortemperature of the continuous process, 
using constrained geometry catalyst, is from 20^0 to 250°C. 

[0100] Single site polymerization catalysts (e.g.. the monocyclo-pentadienyl transition metal olefin polymerization 
catalysts described by Canich in US Patent Number 5,026,798 or by Canich in US Patent Number 5.055.438) can be 
used to prepare homogeneously branched linear ethylene polymers. As exemplified in U.S. Patent Number 3.645.992 
to Elston. homogeneously branched linear ethylene polymers can also be prepared in conventional polymerization 
processes using Ziegler-type catalysts such as. for example, zirconium and vanadium catalyst systems. Another ex- 
ample is provided in U.S. Patent Number 5.21 8.071 to Tsutsui et al. Tsutsui et al. disclose the use of catalyst systems 
based on hafnium with impurity quantities of zirconium forthe manufacture of homogeneously branched linear ethylene 
polymer blends. Homogeneously branched linear ethylene polymers can be prepared using any reactor system known 
in the art including, but not limited to, solution and gas phase polymerization utilizing for example a tank reactor(s), a 
sphere reactor(s). a recycling loop reactor(s) or combinations thereof and the like, any reactor or all reactors operated 
partially or completely adiabatically. nonadiabatically or a combination of both and the like. 

[0101] Heterogeneously branched linear ethylene polymers can be prepared via the solution, slurry or gas phase 
polymerization of ethylene and at least one optional alpha-olefin comonomer in the presence of a Ziegler Natta catalyst 
by processes such as that disclosed in U.S. Patent 4,076.698 to Anderson et al. Heterogeneously branched linear 
ethylene polymers can be manufactured by any known method and procedure, including the continuous, batch or semi- 
batch solution, slurry or gas phase polymerization of ethylene and at least one optional a-olefin comonomer in the 
presence of a Ziegler Natta catalyst, such as by the process disclosed in U.S. Patent Number 4,076,698 by Anderson 
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et al. Heterogeneously branched linear ethylene polymers can be prepared using any reactor cysts'" k"^;'"^^^^^^^^^^ 
induding. not limited to, a tank reactor(s), a sphere reactor(s), a recycling loop reactor s) or '^o^bina^ons thereof 
and the Hke, any reactor or all reactors operated partially or completely adiabatically, nonad.abatically or a combination 

?0102] ^ aI desaibed above, the preferred homogeneously branched ethylene polymer for use in the present invention 
is a substantially linear ethylene polymer characterized as having; 

(b) a mollcullr Sght^stributlon, M^M„ as detemiined by gel pemieation chromatography and defined by the 
equation: 

(M^n)S(lio/l2)-4.63, 

(c) a gas extrusion rheology such that the critical shear rate at onset of surface melt fracture for the substantially 
Lear ethylenepolymerisatleastSO percent greaterthanthecriticalshearrateattheonse of surface meltfr^^^^^^ 

for a linear ethylene polymer, wherein the linear ethylene polymer has a '^°"^°9^"«°"«'y ''^^"^^^^ 'T.T^. 
branching distribution index (SCBDI) greater than 50 percent, no long cham branching and 1^ «"d M^n values 
within 1 0 percent of the la and MJM„ values of the substantially linear ethylene polymer and wherein the respective 

crttical shear rates of the substantially linear ethylene polymer and the linear ethylene polymer are measured at 
the same melt temperature and under the same range of pressures using a gas extrusion rheometer, 

(d) a single differential scanning calorimetry, DSC, melting peak between -30 and 140=C, and 

(e) a short chain branching distribution index (SCBDI) greater than 50 percent, as detemiined using temperature 
rising elution fractionation. 

[0103] The above combination of properties that characterize the substantially linear ethylene polymer useful in the 
invention pertains to a single component polymer and not necessarily to a polymer composition, blend or mixture 
comprising a substantially linear ethylene polymer as one of the component polymers. 

[0104] Determination of the critical shear rate in regards to melt fracture as well as other rheology Properties such 
as "rheological processing index" (Pi) is perfomied using a gas extrusion rheometer (GER). The gas extrusion rheom^ 
eter is described by M. Shida, R. N. Shroff and L.V. Cancio in Polymer Enqineenng Science Vol. 17, No. ^70 
(1977) and in "Rheometers for Molten Plastics" by John Dealy, published by Van Nostrand Reinhold Co. (1982) on 
pp 97-99, both of which are incorporated by reference herein in their entirety. GER experiments ^re Perfoimed at a 
temperatureof190'C.atnttrogen pressures between250and5500psig(1.7to37.9MPa)us.nga0^0754mrnd» 

20:1 die with an entrance angle of 180'. For the substantially linear ethylene polymers used herein the P|,s the 
apparent viscosity (in kpolse) of a material measured by GER at an apparent shear stress of 2.1 5 x 1 06 dyne/cm^. The 
suLntial^ilnerethylenepolymerforuselntheinventlonhaveaPlintherangeofO.O kpoiseo^^^^^^^^^ 
15 kpoise or less. The substantially linear ethylene polymers used herein also have a PI less than or equal to 70 percen 
of the PI of a linear ethylene polymer (either a Ziegler catalyzed polymer or a homogeneously branched "'"ear Polyrner 
as described by Elston in US Patent Number 3,645,992) having an l^ and M^M,. each within ten percent of the sub- 

quantify the criJical shear rate and critical shear stress of ethylene polymers. According to "^"^^'""^f^ 

of Rheology 30(2), 337-357, 1986, above a certain critical flow rate, irregularities can be observed in rheometer ex- 

trudatesthai may be broadly classified Into two main types: surface melt fracture and gross mett fracture 

[01061 Surface melt fracture occurs under apparently steady extrusion flow conditions and ranges ,n detail from loss 

of specular film gloss to the more severe form of "sharkskin." Herein, as determined using the ^^^^^'^^^'^I'^^l^l^^ 

the onset of surface melt fracture (OSMF) Is characterized by an initial loss of -f-'^«'\9'°f.«„;;'^f f^^Nu^^^^^^^ 
roughness oftheextrudatecanbeconvenientlydetected under 40xmagnification.Asdescnbed.nUS.Pate^^^^^^ 

5 278 272 the critical shear rate at the onset of surface melt fracture for the substantially linear ethylene n erpo^mers 
and homopolymers Is at least 50 percent greater than the critical shear rate at the onset of surface melt fracture of a 
comparative linear ethylene polymer having essentially the same Ig and MJM„. ,„u„,„o,i„„ 
[0107] Gross melt fracture occurs at unsteady extrusion flow conditions and ranges in detail from regular (ajema ng 
rough and smooth, helical, etc.) to random distortions. For commercial acceptability as well as to ^'^"^'^^f ^i^r 

esponse and toughness properties of shrink films, surface defects should be minimal, if not absent. The cntK^al shear 
stress at the onseJof gross melt fracture for the substantially linear ethylene potyrners used in ^^1^'^''^^'"'^^^^^ 

hose having a density greater than 0.91 0 g/cc. is greater than 4 x 1 Qe dynes/cm^. The critical shear rate at the onset 
of surface melt fracture ?OSMF) and the onset of gross melt fracture (OGMF) will be used herein based on the changes 
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of surface roughness and configurations of the extrudates extruded by a GER. 

[0108] As mentioned above, preferred homogeneous ethylene polymers used in the present invention are charac- 
terized by a single DSC melting peak. The single melting peak is determined using a differential scanning calorimeter 
(DSC) standardized with indium and deionized water The method involves 5-7 mg sample sizes, a "first heat" to 1 40'»C 
which is held for 4 minutes, a cool down at 1 0Vmin. to -SO^C which is held for 3 minutes, and heat up at ICC/min. to 
for the "second heat". The single melting peak is taken from the "second heat" heat flow vs. temperature curve. 
Total heat of fusion of the polymer Is calculated from the area under the curve. 

[0109] For polymers having a density of 0.875 g/cc to 0.91 0 g/cc, the single melting peak may show, depending on 
equipment sensitivity, a "shoulder or a "hump" on the low melting side that constitutes less than 1 2 percent, typically, 
less than 9 percent, and more typically less than 6 percent of the total heat of fusion of the polymer Such an artifact 
is observable for homogeneously branched polymers such as EXACT^" resins and is discerned on the basis of the 
slope of the single melting peak varying monotonicaily through the melting region of the artifact. Such an artifact occurs 
within 34-C, typically within 27°C. and more typically within 20^0 of the melting point of the single melting peak. The 
heat of fusion attributable to an artifact can be separately determined by specific integration of its associated area 
under the heat flow vs. temperature curve. 

[01 10] The Vicat softening point of the inventive compositions determined in accordance with ASTIVl D-1 525. 
[Oil 1] Whole polymer product samples (e.g.. the inventive polymer composition) and individual polymer components 
are analyzed by gel pemneation chromatography (GPC) on a Waters 150 high temperature chromatographic unit 
equipped with mixed porosity columns operating at a system temperature of 140°C. The solvent is 1 ,2.4-trichloroben- 
zene. from which 0.3 percent by weight solutions of the polymer samples to be measured are prepared for injection. 
The flow rate is 1 .0 milliliters/minute and the injection size is 100 microliters. 

[0112] The molecular weight detemnination is deduced by using narrow molecular weight distribution polystyrene 
standards (from Polymer Laboratories) in conjunction with their elution volumes. The equivalent polyethylene molecular 
weights are determined by using appropriate Mark-Houwink coefficients for polyethylene and polystyrene (as described 
by Williams and Ward in Journal of Polymer Science. Polymer Letters. Vol. 6, p. 621, 1968) to derive the following 
equation: 



'^polyethylene " ^ * C^polystyrene) * 

[0113] In this equation, a = 0,431 6 and b = 1 .0. Weight average molecular weight, M„, and number average molecular 
weight, M^, are calculated in the usual manner according to the following formula: Mj = (Z Wj where wi is the 
weight fraction of the molecules with Mj eluting from the GPC column in fraction i and j=1 when calculating and j=- 
1 when calculating 

[0114] The molecular weight distribution (M^M^,) for the substantially linear ethylene polymers and homogeneous 
linear ethylene polymers useful in the present invention is generally in the range from 1 .2 to 2.8. The heterogeneously 
branched ethylene polymers useful in the invention typically have molecular weight distributions, M^M , in the range 
of from 3.5 to 4,1 . 

[01 1 5] Substantially linear ethylene polymers are known to have excellent processability, despite having a relatively 
narrow molecular weight distribution. Unlike homogeneously and heterogeneously branched linear ethylene polymers, 
the melt flow ratio (l^o/ig) of substantially linear ethylene polymers can be varied essentially independently of their 
molecular weight distribution, MJU^. 

[0116] Suitable homogeneously branched ethylene polymers for use in the present invention include ethylene 
homopolymers and interpolymers of ethylene and at least one a-olefin prepared by a low or high pressure solution 
process, a gas phase process or slurry process or combinations thereof. Suitable a-olefins are represented by the 
following formula: 



CHg = CHR, 



where R is a hydrocarbyl radical. Further, R may be a hydrocarbyl radical having from one to twenty carbon atoms and 
as such the formula includes C3-C20 a-olefins. Suitable a-olefins for use as comonomers include propylene, 1 -butene, 
1 -tsobutylene, 1 -pentene, 1 -hexene. 4-methyI-1 -pentene, isopentene, 1 -heptene and 1 -octene, as well as other comon- 
omer types such as styrene, halo- or alkyl-substituted styrenes, -tetrafluoro-ethylene, vinyl benzocyclobutane, 1 ,4-hex- 
adiene. 1 ,7-octadiene, and cycloalkenes, e.g.. cyclopentene. cyclohexene and cyclooctene. Preferably, the at least a- 
olefin comonomer will be 1 -butene, 1 -pentene, 4-methyl-1 -pentene, 1-hexene, 1-heptene, 1 -octene, or mixtures there- 
of, as shrink films comprised of higher a-olefins will have especially improved toughness properties. However, most 
preferably, the at least one a-olefin comonomer will be 1 -octene and the first and second ethylene polymer will be 
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ixlraol.. level ol less man 1 5 p.K;enl. prelefbly less than 10 percent, more prelstably less than 6, most prete,amy 
, P,r-= P"Sr::r p°l'nu=r-, . en„.cte*e. W , «cat so»en,„, point o, a, 

least 75°C. preferably at least B5°C, and more preferably at least 90°C 

S Te invontlve shlMl.m can 0. ntaOe us^g oonv.ntlonal simpl. ''"f » "^^^^^^^^ 

r0123l The Dolvmer composition used in the invention (as well as the at least one f rs ethylene PO'V^^^^^" ,a/ 

[0124] Additives, such as antioxidants (e.g., hindered phenolics, such as IRGANOX ° 1"^^^^^ p,B^ 
iupplild by Ciba Geigy), phosphites (e.g., IRGAFOS™ 168 also suppr.d 

cAwnnciTAR PFPQTM fsuDDlied by Sandoz), pigments, colorants, fillers, and the like may aiso oe incmue 
f„"« r AnS^enaU no, Je^L, m. Inventi.e sh«n« « - ™™ " 
antKocking, moM ..leas, and coellioienl ol Wolion charaotenstics J"' '"'^"^^^^^^^ 

Biaxlailyorientedfilmstructuresareusedfortheirenhancedstrength^ba^^^^^^^^^^^^ 
orientid film stnictures find utility in various packaging and ^^^^PPf j^^ the 
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total thickness and the inventive shrink fiim layer of the multilayer structure can also be of any suitable thickness The 
inventiveshrinkfilm layer (i.e., a biaxlally oriented film layercomprlsing ormade from the inventive polymer composition) 
IS typically the shnnk control layer of the multilayer shrink film and can comprise from 30 to 75 weight percent of the 
multilayer ilm preferably from 50 to 70 weight percent of the multilayer film. The Inventive shrink film layer can have 
any suitable film thickness; preferably the inventive film layer has a film thickness from about 0 1 to 2 mils (2 5 to 51 
microns), more preferably from 0.3 to 1 .8 mils (7.6 to 45.7 microns). 

[0127] The multilayer structure comprising, made with or made from the inventive polymer composition can also 
include a sealant layer composition (such as, for example, but not limited to, another polymer composition at least 
one homogeneous branched substantially linear ethylene polymer, at least one homogeneously branched linear eth- 
ylene polymer, or at least one heterogeneously branched ultra or very low density polyethylene), an outer layer (such 
as, for example, another polymer mixture or at least one heterogeneously branched linear low density or ultra-low 
density polyethylene), and a core layer (such as a biaxially oriented polypropylene homopolymer or vinylidene chloride 
polymer) interposed between. 

[0128] Adhesion promoting tie layers (such as PRIMACOR™ ethylene-acrylic acid (EAA) copolymers available from 
The Dow Chemical Company, and/or ethylene-vinyl acetate (EVA) copolymers, as well as additional stnjctural layers 
(such as AFFINITYT" polyolefin plastomers. ENGAGE™ polyolefin elastomers, available from The Dow Chemical 
Company and Dupont Dow Elastomers, respectively, ultra-low density polyethylene, orblends of any of these polymers 
with each other or with another polymer, such as EVA) can be optionally employed. 

[0129] Other layers of a multilayer structure comprising, made with or made from the inventive polymer composition 
can include, but are not limited to barrier layers and/or structural layers. Various materials can be used forthese layers 
with some of them being used as more than one layer in the same multilayer structure. Some suitable materials include' 
0,^ nylon, ethylene/vinyl ateohol (EVOH) copolymers, polyvinylidene chloride (PVDC), polyethylene terepthalate 
(PET), onented polypropylene (OPP), ethylene/vinyl acetate (EVA) copolymers, ethylene/acrylic acid (EAA) copoly- 
mers, ethylene/methacrylicacid (EMAA) copolymers. ULDPE. LLDPE, HOPE, l\^DPE, LMDPE, LDPE ionomers qraft- 
modified polymers (e.g.. maleic anhydride grafted polyethylene), and paper. 

[01 30] Cook-in packaged foods are foods which are prepackaged and then cooked. The packaged and cooked foods 
go directly to the consumer, institution, or retailer for consumption or sale. A package for cook-in must be structurally 
capable of withstanding exposure to cook-in time and temperature conditions while containing a food product Cook- 
in packaged foods are typically employed for the packaging of ham, turkey, vegetables, processed meats, etc. Because 
Of the relatively high softening point to shrink response characteristic of the inventive shrink film, the shrink film of the 
present invention is well-suited for cook-in as well as hot-fill packaging applications 

[0131] Double bubble and trapped bubble biaxial orientation methods can be simulated on a laboratory scale using 
a T. IVI. Long stretcher which is analogous to a tenter frame device. This device can orient polyolefin films in both the 
monoaxial and biaxial mode at stretching ratios up to at least 5:1 . The device uses films having an original dimension 
Of 2 inches x 2 inches (5.1 centimeters x 5.1 centimeters). Biaxial stretching is usually performed by stretching in the 
machine direction and transverse direction of the film simultaneously, although the device can be operated to stretch 
sequentially. 

[0132] The residual crystallinity of polyolefin Interpolymers (measured using a DSC partial area method) can be used 
0 characterize the nature of polyolefin film at the orientation temperature. In general, it preferred to orient polyolefin 
films at a an onentation temperature where the residual crystallinity of the film is as high as possible. Such an orientation 
will generally be only a few degree above that temperature where the film can no longer be successfully oriented That 
IS 5 C above, preferably 3'C above, more preferably 2.5°C above the lowest stretch temperature (defined herein 
above) IS considered herein to be the optimum or near-optimum stretching or orientation temperature for a particular 
nim composition. Stretching temperatures less than 2.5°C above the lowest stretch temperature are not preferred 
because they tend to yield inconsistent results due to loss of film integrity, although such inconsistencies tend to depend 
on specific equipment and temperature control capabilities. However, for proper comparison of various films an ori- 
entation temperature should be selected such that the residual crystallinity at orientation is approximately the same 
or each film. That is, although wide orientation windows are desired, selection of the actual orientation temperature 
to be employed should never be arbitrary. 

[0133] However, for proper comparison of various film compositions, an orientation temperature should be selected 
such that the residual crystallinity at the selected orientation temperature is approximately the same for each film or 
alternatively, the orientation Is perfomned at the lowest stretch temperature for each respective film composition That 
IS. selection of the actual orientation temperature to be employed should never be arbitrary and generally should not 
be held at a fixed temperature when evaluating varied film compositions. 

[0134] Densities and density differentials are measured in accordance with ASTM D-792 and are reported as grams/ 
cubic centimeter (g/cc). The measurements reported in the Examples below as overall densities were determined after 
the polymer samples have been annealed for 24 hours at ambient conditions in accordance with ASTM D-792 
[0135] The density and weight percent of the first ethylene polymer component (A) for Example manufactured by in 
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situ polymerization using two reactors can determined by an Analytical Temperature Rising Elution Fractionation 
(ATREF) technique. The hardware and procedures used for the ATREF technique have been previously described, e. 
g., Wild et al, Journal of Polymer Science, Poly. Phys. Ed., 20,41(1982), Hazlitt, et al., U.S. Patent No. 4,798,081 and 
Chum et al., U.S. Patent No.5,089,321 . However, for the Examples provided herein, polymer compositions were all 
manufactured by melt extrusion on a twin screw extruder. 

[0136] Vicat softening temperatures were measured in accordance with ASTM D1525. Secant modulus was meas- 
ured in accordance with ASTM D882 on slow-cooled compression molded samples. Total energy drop dart and dart 
impact were measured In accordance with ASTM D-4272 and D-1 709, respectively, on oriented film samples. The total 
energy test unit was a Kayeness Total Energy Impact Tester, Model D-2090 wherein the total energy for a 3-pound 
(1 .4 kilogram) weight was >8.82 ft-lbs (>1 .2 Kg.-meter). 

[0137] The following examples are provided for the purpose of explanation and are not intended to suggest any 
particular limitation of the present invention. 

EXAMPLES 

Examples 1 -3 and Comparative Example 4 

[0138] In an evaluation to discover the requirements for improved shrink properties, a single component ethylene 
polymer and three different ethylene polymer blends were evaluated. Table 1 lists the various polymers evaluated and 
their properties (i.e., melt index, density, Vicat softening point and description of first and second polymer components 
and their density differential, where applicable). 



Table 1 



Example 


Ratio of 
1 sV2"^ 


First 
Component 


Second 
Component 


Melt 
Index, g/ 
10 min. 


Polymer 
Composition 
Density g/cc 


Density 
Differential 
(g/cc) 


Vicat 
Softening 
Temp., °C 


1 
2 
3 

Comp.4 


60/40 
60/40 
40/60 
NA 


A 
C 
A 
NA 


B 

D 
B* 
NA 


0.82 
0.94 
0.92 
0.81 


0.9085 
0.9067 
0.9075 
0.9059 


0.022 
0.050 
0.014 
NA 


88.3 
80.7 
87.1 
84.4 


NA der 


lotes not app 


licable. 





[0139] Component Resin A was XU-59220.04, an experimental substantially linear ethylene/1 -octene copolymer 
having a nominal Ig melt index of 0.88 g/10 minutes and a nominal density of 0.898 g/cc as supplied by The Dow 
Chemical Company. Component Resin B was DOWLEX^m 2045, a linear low density ethylene/1 -octene copolymer 
having a nominal Ig melt index of 1 .0 g/1 0 minutes and a nominal density of about 0.920 g/cc as supplied by The Dow 
Chemical Company. Component Resin C was AFFINITY^m cl 8003, a substantially linear ethylene/1 -octene copolymer 
having a nominal Ig melt index of 1 .0 g/1 0 minutes and a nominal density of 0.885 g/cc as supplied by The Dow Chemical 
Company. Component Resin D was DOWLEX™ 2038.68, a linear low density ethylene/1 -octene copolymer having a 
nominal Ig melt index of 1,0 g/10 minutes and a nominal density of 0.935 g/cc as supplied by The Dow Chemical 
Company. Component Resin B* was ATTANE^" 4201, an ultra low density ethylene/1 -octene copolymer having a 
nominal Ig melt index of 1.0 g/10 minutes and a nominal density of 0.912 g/cc as supplied by The Dow Chemical 
Company. Comparative Example 4 was ATTANEtm 4213, an ultra low density ethylene/1 -octene copolymer having a 
nominal Ig melt index of 0.8 g/10 minutes and a nominal density of 0.906 g/cc as supplied by The Dow Chemical 
Company. 

[0140] Melting characterization of water quenched films of each Example was done using a Perkin-Elmer DSC-7. 
The DSC was calibrated using indium and water as standards. The water-quenched films were put in an aluminum 
pan and the samples were heated from -30'*C to 140°C at 10°C/minute. The total heat of fusion for each resins was 
obtained from the area under the curve. The residual crystal Unities at various temperatures were obtained using the 
partial area method by dropping a perpendicular at those temperatures wherein total crystallinity was taken by dividing 
the heat of fusion by 292 Joules/gram. 

[0141] The Examples were extruded into 30-mil (0.8-mm) cast sheets and quick quenched using a chilled roll. The 
melt temperature at the die was about 480**F (249**C) for each resin and the chill roll temperature was about 75*F 
(24°C). The cast sheets were oriented at their respective lowest orientation temperature using a T M. Long Biaxial 
stretcher (a tenter framer stretcher). The initial dimensions of the cast sheets was 2 inches x 2 inches (5.1 centimeter 
x 5.1 centimeter) and the draw ratio for the stretcher was set at 4.5 x 4.5 and the stretching rate was 5 inches per 
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second (12.7 cm/s). The cast sheets were pre-heated in the stretcher for about 4 nninutes prior to stretching and hot 
air was deflected so as not to innpinge on the cast sheets directly (i.e., to avoid hot spots in the cast sheets). 
[0142] In this evaluation, the lowest orientation temperature was taken as the temperature that gave a percent re- 
sidual crystallinity of approximately 20 percent which was approximately 5''C above the temperature where the cast 
sheet would tear, show "banding" (i.e., uneven deformation) or would repeatedly dislodged Itself from the grips of the 
stretcher during stretching at a grip pressure of about 500 psi (3.4 MPa). The orientation window was taken as the 
temperature range from the lowest orientation temperature to the highest DSC peak melting temperature of the sample. 
[0143] The oriented cast sheets were tested for unrestrained (free) shrink at 90°C by measuring unrestrained shrink 
in a water-bath at 90**C. The samples were cut into 12 cm x 1 .27 cm specimen. The specimen were marked with a 
marker exactly 1 0 cm. from one end for identification. Each sample was completely immersed in the water bath for five 
seconds and then quickly removed. Film shrinkage was obtained from the calculations in accordance with ASTM D- 
2732-83 and were taken from the average of four samples. 

[0144] Table 2 summarizes the secant modulus, shrink response and orientation temperature for Examples 1 -3 and 
comparative example 4: 



Table 2 



Example 


2% Secant 


Percent Shrink 


Orientation 


Weight % 


Orientation 




Modulus 


owe (hot HjO) 


Temp C 


Crystallinity @ 


Window °C 










Orientation 












Temp 




1 


17,023 


34.5 


87.8' 


20.8 


33 


Comp. 2 


17.218 


25.0 


93.3 


19.6 


29 


3 


15,327 


30.8 


87.8 


21.0 


34 


Comp.4 


12,832 


26.0 


90.6 


19.9 


30 



[0145] The data in Table 2 indicate that Examples 1 and 3 exhibit balanced shrink properties relative to Example 2 
and comparative example 4. Examples 1 and 3 exhibited the highest shrink responses and broadest orientation win- 
dows. Inventive Example 3 exhibited a shrink response at least 18 percent higher than the single component hetero- 
geneously branched linear ethylene polymer (comparative example 4) and Example 1 also exhibited a shrink response 
at least 32 percent higher than the single component heterogeneously branched linear ethylene polymer (comparative 
example 4). Additionally, Table 1 indicates that Examples 1 and 3 also exhibited the highest softening temperature 
relative to Example 2 and comparative example 4. From the results in Table 1 , it can be seen that Example 2 does not 
represent the preferred embodiment of the present invention that provides balanced shrink properties. 

Examples 5-8 and Comparative Example 9 

[0146] In another evaluation, another single component ethylene polymer and four different ethylene polymer blends 
were evaluated to discover the requirements for improved shrink properties at higher polymer densities. Table 3 lists 
the various polymers evaluated and their properties (I.e., melt index, density, Vicat softening point and description of 
first and second polymer components and their density differential, where applicable). 



Table 3 



Example 


Ratio of 


First 


Second 


Melt 


Polymer 


Density 


Vicat 




1 st/2nd 


Component 


Component 


Index, g/ 


Composition 


Differential 


Softening 










10 min. 


Densityg/cc 


(g/cc) 


Temp., °C 


5 


40/60 


A* 


B 


1.0 


0.914 


0.018 


96 


6 


60/40 


A" 




1.28 


0.9133 


0.0385 


91.5 


7 


30/70 


A 


B 


0.86 


0.9146 


0.022 


96 


8 


60/40 


A 


B" 


0.85 


0.9141 


0.037 


94 


Comp. 9 


NA 


NA 


NA 


0.92 


0.9128 


NA 


95.8 


NA denotes not applicable. 



[0147] Component Resin A was XU-59220.04, an experimental substantially linear ethylene/1 -octene copolymer 
having a nominal Ig melt index of 0.88 g/10 minutes and a nominal density of 0.898 g/cc as supplied by The Dow 
Chemical Company. Component Resin A" was AFFINITY™ PF 1140. a substantially linear ethylene/1 -octene copol- 
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ymer having a nominal 1^ melt index of 1 .6 g/1 0 minutes and a nominal density of 0.8965 9''=° f ,^"PP"^„^^f /J'/^ 
Chemical Company. Component Resin A* was AFFINITY™ PL 1 880. a substantially Imear «^hylene/1 -octene copoty- 
merSnq a nomTnal I. melt index of 1 .0 g/1 0 minutes and a nominal density of 0.902 g/cc as supplied by The Dow 
CheSLmpanyCoCnent Resin B"ls DO 
?aviranorna?Sinde^ 

SnrC m nTn Resin B was DOWLEX™ 2045A, a linear low density ethylene/1 -octane copolymer having 
nominal I, melt index of 1.0 g/10 minutes and a nominal density of 0.920 g/cc as supplied by The Dow Chemical 
Comoa i Cornpa'ative example 9 was DOWLEXtm 2256A, a linear low density ethylene/1 -octene copolymer having 
arnal.Srnnfo.9;iOmln,an^ 

[01481 The test methods and procedures used for Examples 5 and 7 and comparative examples 6, 8 and 9 were he 
same for Example 1 except instead of a water-bath to induce shrinkage, hot oil at 1 05»C was used and the orientation 
terpe^ture wa's take^ approximately 21 % residual crystallinlty rather than at approximately 20%. Table 4 summa- 
rizes the various results. 



Table 4 



Example 


2% Secant 
Modulus psi 
(MPa) 


Percent Shrink 
@105°C(hot 
oil) 


Orientation 
Temp, ""C 


Weight % 
Crystallinity @ 
Orientation 
Temp 


Orientation 
Window °C 


5 


21,683 
(149) 


44.5 


96.1 


20.6 


25 


6 


21,593 
(149) 


35.8 


97.8 


21.8 


23 


7 


23.692 
(163) 


41.3 


96.1 


22.5 


25 


8 


24,204 
1 (167) 


37.8 

j 


98.3 


21.9 


23 


Comp. 9 


i 18,770 
1 (129) 


1 38.5 

j 


98.3 


21.0 


1 23 



[01491 The data in Table 4 indicate that Examples 5 and 7 exhibit balanced shrink properties relative to Examples 6 
and 8 and comparative example 9. In this evaluation, Examples 5 and 7 exhibited the highest shrink responses and 
ivaLnt "loader orientation windows. Further, Table 3 above indicates that Examples 5 and a so exhib ed t^^^^ 
h ghest softening temperature relative to Examples 6 and 8. From the resulte ,n ^ 

Examples 6 and 8 do not represent the preferred embodiment of the present invention that provides balanced shrink 
properties. 

Examples 10-12 and Comparative Examples 13-18 

[01501 in an evaluation to determinate the heat shrink response and toughness of various polymer compositions, 

nine different compositions were made into 30-mil (0.8 mm) thick, quick quenched cast sheete^ 

[0151] m this evaluation, melting characterization of each Example was perfomied as de cnbed ab°;^ '^^^^ 

using a Perkin-Elmer DSC-7. The cast extruded sheets were quick quenched "^'"9 
melt temperature at the die was 480»F (249-C) and the chill roll temperature was 75'F "C^^ffJ^'^^fJt^'^'^^^^^^^ 
oriented at their respective lowest orientation temperature using aT M. Long Biaxial stretcher as described above for 

["oi^r'The component polymer descriptions (where applicable) and orientation ^^^^^^^^^^^ '^^^J' ^^^^^^^^^^^ 
lell as their respective DSC peak metting temperatures, the residual crystalhnity at the orientation temPjra^^J J 
water-quenched films, and the Vicat softening points are shown in Table 5. The -^f^^ ~ 
and comparative examples 13-18, Examples 10-12 as well as comparative examples 3 ^J^'J^^^ P^'^^^ 
melt mixing the respective component polymers together in a compound extruder at a .'"^".temperature of 350 F 
r77"C) S.;p^^^^^^^^^ example 15 was an EXCEED™ plastomer supplied by Exxon Chemical CompanyXo^^^^^ 
LLnL 16 IB was DOWLEX™ 2045 DOWLEX™ 2256A and ATTANE™ 4213, respectively, all supplied by The 
Zclfeml'alcom^an^^^^^^^^^ 

ATTANE'Tw 421 3 is an ultra low density ethylene/1 -octene copolymer. 
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[0153] Shrinkage values were obtained by measuring unrestrained shrinl< after separate exposures to a hot-water 
bath kept at about 90°C and a hot-oil bath kept at about 105'>C. Before exposure to the baths, the various samples 
were cut 12 cm x 1 .27 cm specimens and were marked with a marker exactly 10 cm. from one end for identification. 
After marking each sample, each sample was completely immersed in the water bath or hot oil bath for about five 
seconds and them removed. Film shrinkage (as the average of four determinations for each sample) was obtained 
from calculations in accordance with ASTIVI D2732-83 for each shrunken specimen. Table 6 reports the shrinkage data 
for the various samples as well as film toughness on the oriented film samples as determined by a total energy dart 
method using a 3 pound dart in accordance with the ASTM D4272. Since the samples were equi-biaxially oriented (4.6 
x 4.5), the shrinkage in the machine direction (IVID shrink) and cross direction (CD shrink) were same. 
[0154] Table 6 indicates that Examples 1 0 and 1 1 have excellent toughness properties. The toughness properties 
of the Examples 10 and 11 was detennined to be superior to those of Example 12 as well as comparative examples 
1 3 and 1 4, all three of which also comprise or are made from two component polymers. However, unlike Examples 1 0 
and 1 1 , for Example 1 2 and comparative examples 1 3 and 1 4, their respective first polymer component had a higher 
molecular weight (as determined by Ig melt index measurements in accordance with ASTM D-1238 Condition igcc/ 
2.16 kg) than their respective second polymer component. The molecular weight difference between the component 
polymers of Example 12 and comparative examples 13 and 14 is in contradistinction to that of Examples 1 0 and 11 . 
That is. in contrast to Example 12 and comparative examples 13 and 14, Examples 10 and 12 both comprise and are 
made from a second polymer component that has a higher molecular weight and higher density than their first polymer 
component. Hence, from the results in Tables 5 and 6, it can be seen that Example 12 is not representative of the 
embodiment of the present invention that provides improved shrink film toughness. 

[0155] Table 6 also indicates that the oriented film toughness of Examples 1 0 and 1 1 is comparable to the homoge- 
neously branched EXCEED^m resin available from Exxon Chemical Company as well as to the heterogeneously 
branched ATTANE^" 4213 resin and the heterogeneously branched DOWLEX™ LLDPE resin 2256A. both available 
from The Dow Chemical Company. 

[0156] FIG. 3 is a plot of the shrink response at 90°C in water and 105**C in hot oil versus polymer composition 
density for Examples 10 and 11 and comparative examples 15-17. The data for FIG. 3 are taken from Tables 5 and 6. 
FIG. 3 indicates that Examples 1 0 and 1 1 also possess a relatively high shrink response. That is. the shrink responses 
of the Examples 1 0 and 1 1 was at least equivalent to (if not superior to) that of Example 1 2 and comparative examples 
13 and 14 when measured at equivalent polymer composition densities. 
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55 



tSu^lnrs'Satn "^^^^^^^ poVmer compositions were oriented using a hot-blown orientation 

lecnnique in nis evaluation, the same polymer compositions as shown in Table 1 for Examole 12 and comoarafh/*. 

evaiuaiion as well as the dart impact properties of the various hot-blown shrink films. 
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Example 



Ex. 12HB* 



Comp. Ex. 
14HB* 

Comp. Ex. 
15HB* 



Output, lbs/ 
hr 



120 



Amps 



83 



120 



Comp. Ex. 
16HB* 



Comp. Ex. 
17HB* 



110 



120 



70 



Table 7 

Die Pressure, 
psi (MPa) 



5,430 
(37.4) 



Melt Temp, = 



95 



80 



Comp. Ex. 
18HB* 



120 



120 



77.5 



4,230 
(29.2) 

4.890 
(33.7) 

ND 



450 
(232) 

450 
(232) 



Film 
Thickness, 

mils 
(microns) 

2(51) 



Dart 
lmpact**grams 



>850 



2(51) 



4,945 
(34.1) 



454 
(234) 

450 
(232) 



ND 



6,170 
(42.5) 



450 
(232) 



2(51) 



>850 



>850 



2(51) 



2(51) 



331 



780 



ND 



2(51) 



>850 



by an elaborate orientation technique.. permits the preparation of oriented shrink film with tough- 

[0159] From these results, we believe the present nvent.on pe« substantial stretching) su- 

iess ind bubble stability (including a effio;en« ,,,p, ,,3,„3 and ATTANE- 

periortopoiymercompositions such as EXCEED /f^'"^'^j\7 ' ^e accomplished where the molecular 

ULDPE resins. In the present invention, -mproved "'^J component of the inventive polymer 

weight of the second potymer component .s ""'^ "^S^^;^^^^^^^^^^ component polymer composition, 
composrtion. but is also substantially •^'9*'^^ J'^" "^v^^^^^^^ 

although thefinal compositions have ]f«^^^^,^3^3°J,^^^^^^^^ kg . , , 

l2 melt index measured in accordance wrth ASTM °-^238 Condition ^^^^ ^^^^ l^^gj 

[0160] we also believe the teaching herein ,s «PP ^^^J" ^^^^^^^^^^^^^ the at least one first polymer com- 

one first polymer component and at least one ^^^"^ P"'^ components are heterogeneous^ 

ponent is a heterogeneously branched ethylene polyn^^^^^^^^^ 

branched ethylene polymers). However, the combma^on of ^J^^ich is either a homogeneous^ or 

ously branched ethylene polymer with at least one second Poly^^^^^^L more precise control in product design, 
heterogeneously branched ethylene polyrner has ^ f/^^l ^l^^^^^^^^ choose the melting point 

This advantage is of particular commercial importance when "^"^^^^^^^^^^^ ^ P^ temperature required or 
or density of the polymer composition to ensure a desired level of shrinKag 

dedicated by a particular application. composition density (in g/cc) for 

[0161] FIG. 4 is a plot of the 1 percent '^^'^"^XT^^^o^'g^ I were taken from Tables 5 and 6. FIG 4 
Examples 10 and 11 and comparative examples S J^^ ^ Je^ ^^^ulus at polymer composition densities 
indicates that Examples 10 and 11 ^^^'^^^'Z^ll"^^^ 0.919 g/cc. That is, the 1 percent 
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Claims 



1. A shrink film comprising a polymer composition, the polymer composition characterized as havina a densitv In the 

(i) a one or more melting peak, as determined using differential scanning calorimetrv (DSC) and 

(n) a density in the range of 0.87 (g/cc) to 0.93 g/cc, as determined In accordance with ASTM D-792, and 

ethylerpoCrTa^cS^h'^^^^^^^ 

(i) one or more melting peaks, as determined using differential scanning calorimetry (DSC) and 
(11) a density in the range of 0.89 (g/cc) to 0.96 g/cc, as determined In accordance with ASTM D-792, 

wherein the density differential between the first and second ethylene polymer components detemiined In 
accordance with ASTM D-792, Is In the range of from 0 to 0.05 g/cc. omponents, detemiined in 

ranSe of 'oirZ^TJr ^1^71 '^7P°««'°". polymer composition characterized as having a density in the 
Sg Ind rSadeTrom '"^^ *° ' " '^^^ ^-^'2. and a^s com- 

(11) a density In the range of 0.87 (g/cc) to 0.93 g/cc, as determined In accordance with ASTM D-792, and 

sreToSmrcS^^^^ 

(i) one or rriore melting peaks, as determined using differential scanning calorimetry (DSC), and 
(I.) a density in the range of 0.89 (g/cc) to 0.96 g/cc, as determined in accordance with ASTM D-792, 

accordtncTwirhVsTM D ^STlnlh ' m '''''''' components, deterrrined in 

dccoraance witn ASTM D-792, is in the range of from 0 to 0.03 g/cc. 

3. A shrink film comprising a polymer composition, the po^^mer composition having a density In the ranae of from 
0.88 gram/centimeter (g/cc) to 0.94 g/cc. and comprising and made from ^ 

(C) from 20 to 80 weight percent, based on the total weight of the polymer composition of at least one first 

SZr'lT- is manufactured u ing a sfn^ me a - 

locene or constrained geometry catalyst system and Is characterized as having: 

(i) one or more melting peaks, as determined using differential scanning calorimetry (DSC), 
(H) a short Cham branching index (SCBDI) orcomposftion distribution branching index (CDB ) greaterthan 
50 percent, as detemnined using temperature rising elution fractionation u«» greaterthan 

(in)^a molecular weight, as indicated by a melt index value determined in accordance with ASTM D-1 238. 

(iv) a density in the range of from 0,87 (g/cc) to 0.93 g/cc. and 

^° !° °° "^y^' P^'''^"'' '^^^'^ °" ^^'9*^' °f P°'ymer composition, of at least one second 

ethylene polymer characterized as having: a icaoiunBsecona 

(i) one or more melting peaks, as determined using differential scanning calorimetry (DSC). 
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(ii) a molecular weight equal to or greater than the molecular weight of the first ethylene polymer (C), as 
Indicated by melt index values determined in acx;ordance with ASTM B-1238. and 

(iii) a density in the range of from 0.89 (g/cc) to 0.96 g/cc. 

5 wherein the density differential between the first and second ethylene polymer components (C) and (D) is in 

the range of from 0.001 to 0.05 g/cc and the density of the at least one first ethylene polymer (C) is lower than the 
density of the least one second ethylene polymer (D). and wherein the density for polymer components (C) and 
(D) and for the polymer composition is determined in accordance with ASTM D-792. 

10 4. The shrink film of any of Claims 1 , 2 or 3 wherein the at least one first ethylene polymer is a substantially linear 
ethylene polymer which is characterized as having: 

(a) a melt flow ratio. \^^\2 > 5.63, 

15 (b) a molecular weight distribution. M^M^, as detemnined by gel permeation chromatography and defined by 

the equation: 

(M„/M,)<(^o/'2)-4.63. 



20 



(c) a gas extrusion rheology such that the critical shear rate at onset of surface melt fracture for the substantially 
linear ethylene polymer is at least 50 percent greater than the critical shear rate at the onset of surface melt 
fracture for a linear ethylene polymer, wherein the linear ethylene polymer has a homogeneously branched 
short chain branching distribution index (SCBDI) greater than 50 percent, no long chain branching and Ig and 
25 MJM values within 10 percent of the I2 and M^M^ values of the substantially linear ethylene polymer and 

wherein the respective critical shear rates of the substantially linear ethylene polymer and the linear ethylene 
polymer are measured at the same melt temperature and under the same range of pressures using a gas 
extrusion rheometer, and 

30 (d) a single differential scanning calorimetry, DSC. melting peak between -30 and 1 40°C. 

5. The shrink film of any of Claims 1 , 2 or 3 wherein the density differential is in the range from 0 to 0.02 g/cc. 

6. The shrink film of any of Claims 1 . 2 or 3 wherein the density differential is in the range from 0 to 0.01 5 g/cc. 

35 

7. The shrink film of any of Claims 2 or 3 wherein the film is a monolayer film structure. 

8. The shrink film of any of Claims 2 or 3 wherein the film is a multilayer film structure. 

40 9. The shrink film of Claim 2 wherein the molecular weight of the at least one first ethylene polymer component (A) 
is higher than the molecular weight of the at least one second ethylene polymer component (B) as indicated by 
their respective I2 melt index determined in accordance with ASTM D1238. 

10. The shrink film of Claim 4. wherein the substantially linear ethylene polymer is a copolymer of ethylene and at 
45 least one C3-C20 a-olefin. 

11 . The shrink film of Claim 4. wherein the substantially linear ethylene polymer is a copolymer of ethylene and 1 -oc- 
tene. 

50 12. The shrink film of Claim 4, wherein the substantially linear ethylene polymer has from about 0.01 to about 3 long 
chain branches/1000 carbons. 

13. The shrink film of Claim 1 . wherein the film is a biaxially oriented shrink film having free shrinkage in the machine 
direction and transverse directions.. 

55 

14. The shrink film of Claim 8. wherein the multilayer film structure includes a sealant layer comprising at least homo- 
geneously branched ethylene polymer. 
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15. The shrink film of Claim 8, wherein the multilayer film structure Includes a sealant layer which comprises at least 
one homogeneously branched ethylene polymer or a blend of at least one homogeneously branched ethylene 
polymer and at least one high pressure free radical initiated ethylene polymer selected from the group consisting 
of a low density polyethylene, an ethylene/acrylic acid interpolymer, an ionomer of an ethylene/acrylic acid inter- 
polymer, an ethylene/vinyl acetate interpolymer, an ethylene methacrylic acid interpolymer, an ionomer of an eth- 
ylene/methacrylic acid interpolymer and an ethylene/methacrylate interpolymer 

16. A method of making a shrink film having balanced properties comprising 

(a) providing a polymer composition having a density in the range of about 0.88 gram/centimeter (g/cc) to 
about 0.94 g/cc as detennined in accordance with ASTM D-792 and which comprises and is made from 

i. from about 20 to about 80 weight percent, based on the total weight of the polymer composition, of at 
least one first ethylene polymer characterized as having a single melting peak as determined using dif- 
ferential scanning calorimetry (DSC) or a single Analytical Temperature Rising Elution Fractionation 
(ATREF) peak and a density in the range of about 0.87 (g/cc) to about 0.93 g/cc as determined in accord- 
ance with ASTM D-792, and 

ii. from about 20 to about 80 weight percent, based on the total weight of the polymer composition, of at 
least one second ethylene polymer characterized as having one or more melting peaks as determined 
using differential scanning calorimetry (DSC) and a density in the range of about 0.89 (g/cc) to about 0.96 
g/cc as detemnined in accordance with ASTM D-79, 

wherein the. density differential between the first and second ethylene polymer components, detemiined in 
accordance with ASTM D-792, is in the range of from about 0 to about 0.03 g/cc, 

(b) fabricating the polymer composition into a substantially unoriented film, 

(c) thereafter stretching the fabricated substantially unoriented film structure at a selected stretching rate, 
stretch ratio and stretching temperature, and 

(d) collecting the oriented film. 

17. A method of making a shrink film having improved toughness comprising 

a. providing a polymer composition having a density in the range of from about 0.88 gram/centimeter (g/cc) 
to about 0.94 g/cc and which comprises and is made from 

j. from about 20 to about 80 weight percent, based on the total weight of the polymer composition, of at 
least one first ethylene polymer, wherein the at least one first ethylene polymer is manufactured using a 
single site metallocene or constrained geometry catalyst system and is characterized as having: 

(a) one or more melting peaks, as detennined using differential scanning calorimetry (DSC), 

(b) a short chain branching index (SCBDI) or composition distribution branching index (CDBI) greater 
than about 50 percent, 

(c) a molecular weight, as indicated by a melt index value detennined in accordance with ASTM D- 
1238, and 

(d) a density in the range of from about 0.87 (g/cc) to about 0.93 g/cc, and 

ii. from about 20 to about 80 weight percent, based on the total weight of the polymer composition, of at 
least one second ethylene polymer characterized as having; 

(a) one or more melting peaks, as detennined using differential scanning calorimetry (DSC), 

(b) a molecular weight equal to or greater than the molecular weight of the first ethylene polymer, as 
indicated by melt index values detennined in accordance with ASTM B-1238, and 

(c) a density in the range of from about 0.89 (g/cc) to about 0.96 g/cc, 

wherein the density differential between the first and second ethylene polymer components is in the range of 
from about 0.001 to about 0.05 g/cc and the density of the at least one first ethylene polymer is lower than the 
density of the least one second ethylene polymer, and wherein the density of the at least one first ethylene 
polymer, the least one second ethylene polymer and the polymer composition is determined in accordance 
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with ASTM D-792; 

b fabricating the polymer composition into a substantially unoriented film; 

c thereafter stretching the fabricated substantially unoriented film structure at a selected stretching rate, 
stretch ratio and stretching temperature; and 

d collecting the oriented film. 

tation. 
PatentansprUche 

. schrump^oiie, ^.-end eine Po.„ 

icennzeichnet ist. dass s.e ^'^^^ 7, ,333 3,3 umfasst und hergestellt ist aus 

^•'^ ^'^^^^ZS^^^^S:^^^- 3esamtgewicht der Polymerzusammensetzung. von 

r^indestens einem ersten Ethylenpolymer. gelcennzeichnet du«:h das Besitzen 

0)einesodermehrererSchme.zpea.s.wieunterVen«endungvonDifferentialscanningKa.orimetrie(DSC)be- 

STner" Oichte Im Bereich von 0,87 (g/cm3, bis 0,93 g/cm3, wie in Qbereinstimmung mit ASTM D-792 
bestimmt , und 

.on 20 bis 80 Oewichtsprozent. basierend auf 
mindestens elnem zweiten Ethylenpolymer, gekennze.chnet du«h das Besitzen 

,)einesodermehrererSchmelzpeaKs.wieunterVen.endungvonDifferentialscanning.a.orimetrie(DSC)be. 

STrler Dichte im Bereich von 0.89 (g/cm3) b. 0,96 g/cm3, wie in Qbereinstimmung mit ASTM D-792 



bestimmt , 

.instimmung m« ASTM D-792, Im Brelch von 0 bis 0.05 g/cm l«gt. 

""^ . A oT /«;^m3A hk 0 93 a/cm3. wie in Obereinstimmung mit ASTM D-792 

(ii) einer Dichte im Bereich von 0,87 (g/cm^) bis 0,93 g/cm . wie 



bestimmt , und 

(B) von 20 bis 80 Sewichtsprozent, basierend auf dem ^^^JS^^^^^^^^^ 
mindestens einem zweiten Ethylenpolymer, gekennzelchnet durch das Besitzen 

(i)einesodermehrererSchme.zpeaks.wieunterVer.endungvonDifferentia,scanningka,orimetrie(DSC) 
SrnSe im Bereich von 0,89 (^cm3) bis 0.96 g/cmS. wie in Qbereinstimmung mft ASTM D-792 



bestimmt , 
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worin die Dichtedifferenz zwischen den ersten und zweiten Ethylenpolymerbestandteilen bestimmt in Uber- 
einstimmungmitASTMD-792,imBereich von Obis 0.03 g/cm3|iegt -naieiien, Desiinfimtin Uber 

^' SI'eTrIn n pTr ''""t^'"' P^IV^^^— enseUung, wobei die Polymerzusammensetzung eine Dichte in, 
Bereich von 0,88 Gramm/Zent.meter (g/cm3) bis 0,94 g/cmS besitzt und umfasst und hergestellt ist aus 

Sid!!^?^ °° ^«7''=^^P7""t' ''^sie^^"^ dem Gesamtgewicht der Polymerzusammensetzung von 
tne hergestellt wird, und gekennzelchnet Ist durch das Besitzen: 
birmmr''^^^'^'^'^''^'"^'^''^^^''"'^""'^'^^'*^"'^"^ 

(ii) eines Kurzketten-Verzweigungs-lndex (SCBDI) Oder eines Zusammensetzungs-Verteilungs-Verzwei- 
^'^ ^° — re^pe^raturanstieg^s-Erur: 

as™ ^123? angS^ Schmelzindex-Wert. bestimmt in Ubereinstimmung mit 

(iv) einer Diclite im Bereich von 0,87 (g/cm^) bis 0,93 g/cm^, und 

L^iZf ° °° G«wi'=htsprozent, basierend auf dem Gesamtgewicht der Polymerzusammensetzung von 
mindestens einem zwerten Ethylenpolymer, gekennzelchnet durch das Besitzen: 

wll'Zth f h °'^^^9™«^': Molekulargewicht des ersten Ethylenpolymers (C) 
w.e durch Schmelzmdex-Werte, bestimmt in Ubereinstimmung mit ASTM B-1238, angezeigt 
(III) einer Dichte im Bereich von 0,89 (g/cm3) bis 0,96 g/cm^, ' 

r.i h """"n ^If^i'^'i'e^'ffefenz zwischen den ersten und zweiten Ethylenpolymerbestandteiien (C) und (D) im Be- 
ist " OH ^'^"^'^ """^^^'^"^ '-"^^ ^^ten EthylenpolyLrs (C n edriger 

e C undent und d'Jr pT" Ethylenpolyme. (D), und worin die oLte der PolyLer sta d 

telle (C) und (D) und der Polymerzusammensetzung in Ubereinstimmung mit ASTI\^ D-792 bestimrnt ist. 

■ wir^T^''^"^"'' Anspriiche 1, 2 Oder 3, worin das mindestens eine erste Ethylenpolymer ein im 

Wesentliohen iineares Ethylenpolymer ist. das gekennzelchnet ist durch das Besitzen: "^'^"P"'^"^^' '"^ 

(a) eines SchmelzflieBverhaltnisses \iq/\2>5 63 

IctrGtc'htg""''"''"'"' Gelpermeations-Chromatographie bestimmt und 

(IW^iVIJ<(|^o/l2)-4,63 

definiert, 

(c) einer Gase)ctrusions-Rheologie, so dass die kritische Scherrate beim Einsetzen des Oberflachen-Schmelz- 
bruchs des ,m Wesentliohen linearen Ethylenpolymers um mindestens 50 Prozent groBer i^als die krlfecte 
Scherrate be,m Einsetzen des Oberf lachen-Schmelzbruchs eines linearen EthylenpolymerB wo in L^^^^^e^^^^^^ 
Rhylenpo^mereinen homogen verzweigten Kurzketten-Verzweigungs-VerteiLgs-lndexTS) gr6Berate 
^unTJ'^^;T.'H" 'T^f '"'"-^'^"''^""^ ''''''' - '^^vyM„.We' e innerhalb 1 0 p' zent dt 
Scherrl:^^" w Tr"^^^^ 

Scherraten des im Wesentiichen linearen Ethylenpolymers und des linearen Ethylenpolymers bei derselben 

(d) eines einzigen Differentialscanningkalorimetrie- DSC Schmelzpeaks zwischen -30 und 140'C. 
Schrumpffolie nach einem der Anspriiche 1 ,2 oder 3. worin die Dichtedifferenz im Bereich von 0 bis 0,02 g/cm3 liegt. 
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u H o «Hnr ^ worin die Dichtedifferenz im Bereich von 0 bis 0,01 5 g/cm^ 

6. Schrumpffolie nach einem der Anspruche 1 .2 oder 3, worm die uicnie 

liegt. 

7. SchrumpffCie nach einem der AnsprOche 2 oder 3, worir, die Fo.ie eine Monoschicht-Folier,struktur ist. 

8. Schrumpffoile nach elr,em der AnsprOche 2 oder 3. worin die Fo.ie eine Mehrschicht-Foiienstru^ur ist. 

Schru.pf.o,ienachAnspruche2,worindas.olek^^^^^^^^^^^^ 

bestandtei,(A)h5herlsta,sdasMo.ekua^^^^^^^^^^^^ 

wie durch deren jeweiligen Ig-Schmelzindex. Destimmi in uuc 

,0. Anspruch 4, ^ W»=r,.«,n .neare E,h„e„po*™,. .10 0,p=l>».. a.s Em,«o 

und mindestens einem C3-C20 a-Olefin ist. 
1,. Schrump«o,ie nach Anspruch 4, worin das im Wesentiichen iineare Ethyienpolymer ein Copc.ymer aus Ethy.en 

und 1-Octen ist. 

12 SchrumpfCie nach Anspruch 4, worin das ir. Wesentiichen iineare Ethylenpoiymer von etwa 0.01 bis etwa 3 
l^ngketten-Vetzweigungen/1000 Kohlenstoffe aufweist. 

in der Arbeitsrichtung und den Querrichtungen besitzt, 

,4.S«hrump«o«en».An.p™ch8,wo,.d«*^h«-F*"— 

zumindest ein homogen verzwelgtes Ethylenpolymer 

.test eh homoger, verz»eigte! Ethytenpolymsr Oder «n ausge.M ™s der 

lat-lnterpolymer umfasst. 

16. Verfahren .u Herstel.ung einer Schrumpffolie, die ausgewcgene Eigenschaften besitzt, umfassend 

(a) Bere^steilen einer PolymerzusammenseUung. die eine ^^^^^l^^T^^l^^^^ 
ter (g/cm3) bis etwa 0,94 g/cnfi besitzt, wie in Ubere.nstimmung mit ASTM D 792 bestimmi. 
und hergesteilt ist aus 

i, „„ e».a 20 P,e e»,a 30 Gew,e«r»zer,, Paal.rend '"^—S^Ite'rureTpr* 

ri;re:r,*r;=i:is 

°-:'^er;t;«:a80Ge»,e.»p™ze„,>.s,e,end,„.*.3e^.J^^^^^^^ 
s,mn9,voomlndest.nselnemz«.itenEth,lanpol,™.gel«nn«»^^^^^^^^^ 

D-792 bestimnnt, 

worin die Dichtedifferenz zwischen den ersten und zweiten ^thy-e^Poiymert^^^^^^ bestimmt in Uber- 

rnstimmung mit ASTM D-792, im Bereich von etwa 0 bis etwa 0,03 g/cm3 hegt, 

(b) Fertigen der Polyrr,erzusammensetzung in eine im Wesentiichen nicht orientierte Folie. 

(c) danach Recken der gefertigten. im Wesentiichen nicht orientierten Folienstruktur bei einer ausgew.hlten 



29 



EP 0 938 521 B1 



Reckgeschwindigkeit. einem ausgewShlten ReckverhSltnis und einer ausgewShlten Recktemperatur und 
(d) Sammein der orientierten Folie. 
17. Verfahren zu Herstellung einer Schrumpffolie, die eine verbessette Zahigkeit besitzt, umfassend 

a. Bereitstellen einer Polymerzusammensetzung, die eine Dichte im Bereich von etwa 0,88 GramnVZentimeter 
(g/cm3) bis etwa 0,94 g/cm3 besitzt, und die umfasst und hergesteiit ist aus 

i. von etwa 20 bis etwa 80 Gewichtsprozent, basierend auf dem Gesamtgewicht der Polymerzusammen- 
setzung, von mindestens einem ersten Ethylenpolymer worin das mindestens eine erste Ethylenpolymer 
unter Verwendung eines Einzelstelien-Metallocen-Katalysatorsystems oder eines Katalysatorsystems mit 
erzwungener Geometrie hergesteiit ist und gekennzeichnet ist durch das Besitzen: 

(a) eines oder mehrerer Schmeizpeaks, wie unter Verwendung von Differentiaiscanningkalorimetrie 
(DSC) bestimmt, 

(b) eines Kurzketten-Verzweigungs-Verteilung-lndex (SCBDI) oder eines Zusammensetzungs-Ver- 
teilungs-Verzweigungs-lndex (CDBI) groBer als etwa 50 Prozent, 

(c) eines Moiekulargewichts, wie durch einen Schmelzindex-Wert, bestimmt in Uberelnstimmunq mit 
ASTIVI 0-1238. angezeigt, 

(d) einer Dichte im Bereich von etwa 0,87 (g/cm3) bis etwa 0,93 g/cm3, und 

ii. von etwa 20 bis etwa 80 Gewichtsprozent, basierend auf dem Gesamtgewicht der Polymerzusammen- 
setzung, von mindestens einem zweiten Ethylenpolymer, gekennzeichnet durch das Besitzen: 

(a) eines oder mehrerer Schmeizpeaks, wie unter Verwendung von Differentialscanningkalorimetrie 
(DSC) bestimmt, 

(b) eines Moiekulargewichts, das gleich oder groBer als das IVIolekulargewicht des ersten Ethylenp- 
olymers ist, wie durch Schmelzindex-Werte, bestimmt in Ubereinstimmung mit ASTM B-1238 anae- 
zeigt, und ' " 

(d) einer Dichte im Bereich von etwa 0,89 (g/cm^) bis etwa 0,96 g/cm^, 

worin die Dichtedifferenz zwischen den ersten und zweiten Ethylenpolymerbestandteilen, im Bereich von etwa 
0,001 bis etwa 0,05 g/cm3 liegt und die Dichte des mindestens einen ersten Ethylenpolymers geringer ist als 
die Dichte des mindestens einen zweiten Ethylenpolymers. und worin die Dichte des mindestens einen ersten 
Ethylenpolymers, des mindestens einen zweiten Ethylenpolymers und der Polymerzusammensetzunq in 
Ubereinstimmung mit ASTIVI D-792 bestimmt wird, 

b. Fertigen der Polymerzusammensetzung in eine im Wesentlichen nicht orientierte Folie, 

c. danach Reckon der gefertigten, Im Wesentlichen nicht orientierten Folienstruktur bei einer ausgewahlten 
Reckgeschwindigkeit, einem ausgewahlten Reckverhaltnis und einer ausgewahlten Recktemperatur, und 

(d) Sammein der orientierten Folie. 

18. Verfahren nach einem der Anspriiche 1 6 oder 1 7, worin die Folie unter Verwendung eines sorgfaltig ausgearbei- 
teten Onentierungsverfahrens, ausgewahit aus derGruppe bestehend aus Spannrahmen, Doppelblasenorlentie- 
rung, Onentierung mittels eingefangener Blasen und Bandorientierung orientiert wird. 



Revendicatlons 



1. 



Film retractable comprenant une composition de polym^re, composition de polymSre caract6ris6e comme ayant 
une masse volumique dans la plage de 0,88 gramme/centimetre cube (g/cm3) a 0,94 g/cm3, determine confor- 
m6ment k la methode ASTM D-792, et comme comprenant et etant faite k partir 

de 20 a 80 pour cent en poids, sur la base du poids total de la composition de polymfere, d'au moins un 
premier polymfere d'6thyfene caract6ris6 comme ayant 
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(ii) une masse volumique dans la plage de 0,87 (g/cm ) 

. sur .a base du poids total de la composnion de pCym.re. d'au molns un 
de 20 k 80 pour cent en poids, sur la base ou po 
second po?,m.re'd-6thyl.ne caract^ris. comme ayant 

(ii) une masse volumique dans la plage de 0,87 (g/cm , 



n 7h2 61 

,„ „„ „ p,„.„„p. ...on, — ono^ss:'nSeP:-— ^^^^^^^ 

(i;i)anemassevolumlquedanslaplagedeO,B9(g/cm )au, 
D 792 

«... rrrrrrot^^^^^^^ 

deterrtiinee selon la methode ASTM D-792, est dans la piag 
une masse volumique dans la plage ae u,oo y 

'Tirlpou-c.n,enp...s»-...»»-^.JJ^.™ 

lane de oaBlyseut S gSometrie contrainte ou meia 

p,.-»..p«d...on,d«.™..s^-^^^^^^ 

thode ASTM D-1 238, et ^ ^ q 93 g/cm3, 

(iv) une masse volumique dans la plage de ofif KW 

, ooids sur la base du poids total de ,a composition de polymere, d'au moins un 
10) de 20 k 80 pour cent en poids. sur la oase a h 
Sond pc.ym.?e d'^thyl.ne. caract.rls. comme ayant 
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0 4. 



(a) un rapport de fluidite a chaud \^^\^ > 5 63 



Mw/Mn)<(l^o/l2)-4,63, 



centsuperieure^lavitesseiecsaill^^^^^^^ sensiblement lineaire est au moins 50 pour 

pour un polym^re d'ethyl^ne iSrda^^^^^^^ 

de ramfficaJor,s a ohaiL co ^ 0080 raS^^^^ ' '''''^ 

ramification a chains longue et des vatel dTt et M 7^11?'^ ' '° ^"'^""^ 

respectives du polymdre d'ethvlfene sensiblf>m^nt iin<Soi/ 7?, . vitesses de cisaillement critiques 

a la meme temperature de fusfret dans if ^^^1 nf^^ "^^""^'^ '^'^'^^^^''^ ""^^'^^ "^^s^^^es 

de gaz. ®' " ""^^ P^^^sions a I'alde d'un rh6om6tre par extrusion 

(d) un pk: de fusion unique determine par analyse calorimetrique ditferentielle (DSC) entre -30 et 140»C. 

' e?datrp:;:t;ToXT^^^^^^ 

ml^^cr ""^ 2 - 3 dans lequel le film est une structure de 

Sicour''^ •'"^^"''"^ '^^^ --'^'■-^'-^ 2 - 3 dans lequel le f„m est une structure de 

' ~"sre%r^^^^^^^ 

d.tM.ne.comn.elnd,qu.parlurindicedeTr,:— ^ 

s/dC'ret ''^'^-^^^^ ^'^'^^'^^ "-^a^- - un copoiy. 

3 20* 



film 



film 
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14 Fi.mr«ractablese.onlarevendication8.danslequellastructuredefi,mmurti^^^^ 
cl:^Tc^^l^ au moins un polym^re d'6thyl.ne ramifi. de fa^on homogfene. 

1S.Pn...acta.,ese,on,a.evendica.onMans^^^^^^^^^^ 

ch6it6 qui comprend au moins un P°'y'"«^^ "Ifi^yf "^^ d'^thyifene initi6 par radical libra, haute 

un interpolymfere ethylene/m6thacrylate. 
16 Proc^d. de fabrication d'un film retractable pr^sentant des proprietes ^quilibrees comprenant 

prend et est faite a partir 

*.u mote m second polymtro cfahylsno <^»"» "'"'S.f '^"'^^^^ dans la plage 

dans a d,,e.o„oode n,as^^^^^^^^^ 

;rsiirrorrrrp:,r. j^^^ „ 

c puis retirement de la structure de film sens.blement non-orent6 fabrique. 
taux d'etirement et une temperature d'etirement s6lectionnes, et 
(d) la recuperation du film oriente. 

17. Precede pour faire un film retractable presentant une tenaclte ameiior6e comprenant 

a ,afoumitured'unecompositiondepolym.reayantunemassevc.umique danslaplaged-environ 0,88gram- 
mlHtSre cube (g/cm3) ^ environ 0,94 g/cm3 et qui comprend et est f a.te . partir 

0) .environ 20 . environ 80 pour cent en poids. sur la base du 1^^^^ Z^:^ 

est caracterise comme ayant 

Tdf^s™ *S.lns ,. ^ag. «nv.™ 0.S7 ,g,on^) . environ 0,=3 g-cn.. e. 
,.|,.n.lro„20aen.,,oneopourcen,enp.lds.su,,aPased>,pold.»..lde.aeon,p.sl.londepo^™e,e, 
d'ao moins un second polymir. tfilhyBna, caracterise comme ayant 

,a,.„ooplosleu,sp^d,^™^— pa-^^^^^^^^ 



D-1238, et 
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(c) une masse volumique dans la plage d'environ 0.89 (g/cm3) a environ 0.96 g/cm^ 
d^thylfene est dans la plage d'environ 0,001 & environ 0,05 g/cm3 et la masse volumique du au mlTun 

p Ivmil d'C^^^^ '"^'^^ premier polym^re d'.thy..ne, du L Lins un second 

po yrnfere d ethylene et de la composrtion polym§re est ddtemiinee selon la m6thode ASTM D-792 • 
b. la fabncation de la composition de polymere en un film sensiblement non-oriente ■ 

d.rrrJ.!IltT^"* ? ^^"^'"^'"^nt non-orients fabriquS, & une vltesse d'6tirement un taux 

d etirement et une temperature d'etirement s6lectionnes ; et 
d. la r6cup6ration du film orients. 

Tirf '.''^"1''"^'°°"'"^^ revendications 1 6 ou 1 7, dans lequel le film est orients en utilisant une tech 

. m ue d orientation 6labor6e sSlectionnSe dans le groupe constltue de la rame 6la,gisseuse ToVen aSon par bul e 
double, rorientation par bulle pieg6e et Torientatlon sur bande. oneniation par bulle 
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FIG.1 
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